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SUMMARY
A study of the structures of the compounds formed on a
nickel oxide electrode with respect to charged stand, charge
rate, state of charge and during overcharge has been made.
This was done by using X-ray diffraction, chemical analysis and
spectroscopy. Most of the work was done by means of X-ray
diffraction.
It was found that the structure of the discharged state
corresponds to ordered Ni(OH)p and that this str.ct.re persists
until the electrode is close Eo the fully charged state. At
this point, the structure decays into a randomized NiOOH struc-
ture which is essentially amorphous to X-ray diffraction tech-
niques.
Continued high rate overcharging recrystallizes the amor-
phous material into what is called the [-NiOOH structure.
Experiments for stabilizing the sintered plate nickel
oxide electrode hy means of formation at various rates and
temperatures indicated that formation procedures |,ave no
effect on the charge retention properties of the electrode at
elevated temperat,res. However, electrodes formed at C/30 and
10°C show an increase in absolute capacity.
The effect_ of the inclusion of various metal additives
to the active material was also investigated as a method of
high temperature stabilization. It is shown that the inclusion
of cobalt and manganese at the 20 atom percent level significantly
increases the charge retention at 65°C, as compared to normal
positives and positives containing other metal additives.
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INTRODUCTION
A. PURPOSE
The investigations performed under this contract included the
following: (i) identification and characterization of nickel
oxide electrode materials by a quantitative X-ray diffraction
study of the active material as a function of state and rate of
charge; (2) an intensive study of stabilization of positive elec-
trode materials at elevated temperatures which included various
formation procedures and the inclusion of metal additives to the
active material; and (3) studies of the utilization, efficiency,
voltage, temperature and cycling characteristics of those positive '
electrodes stabilized by the most effective method.
B. MEETINGS
Four meetings were held (between Gulton and NASA/Lewis per-
sonnel) during the contract period.
The meetings took place on July 28, 1965, December 17, 1965,
March 18, 1966, and June 29, 1966, at Gulton Industries, Inc.
in Metuchen, New Jersey.
At each meeting, Mr. W. Nagle represented NASA/Lewis, and at
the March meeting, he was joined by Mr. H. Schwartz. Drs. R. Shair
and H. Seiger and Messrs. P. Ritterman, S. Lerner and R. Michaels
were present for Gulton Industries. Professor P. Vaughan_ of i
Rutgers University, consultant to Gulton industries, was present
at the December and March meetings.
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INVESTIGATION OF
BATTERY ACTIVE NICKEL OXIDES
P. Ritterman_ S. Lerner and H. N. Seiger
ABSTRACT
A study of the structures of compounds formed on a nickel
oxide electrode with respect to charged stand, charge rate, state
of charge and during overcharge has been made. This was done by
using X-ray diffraction, chemical analysis and spectroscopy.
Most of the work was done by means of X-ray diffraction.
It was found that the structure of the discharged state
corresponds to ordered Ni(OH)2 and that this structure persists
until the electrode is close to the fully charged state. At
this point, the structure decays into a randomized NiOOH struc-
ture which is essentially amorphous to X-ray diffraction tech-
niques. A theory is presented to account for these structural
changes.
Continued high rate overcharging recrystallizes the amor-
phous material £nto what is called the _-NiOOH structure.
Experiments for stabilizing the sintered plate nickel oxide
electrode by means of formation at various rates and temperatures
indicated that formation procedures have no effect on the charge
retention properties of the electrode at elevated temperatures.
However, electrodes formed at C/30 and 10°C show an increase in
absolute capacity.
The effects of the inclusion of various additives to the
active material was also investigated as a method of high temp-
erature stabilization. It is shown that the inclusions of cobalt
and manganese at the 20 atom percent level significantly increases
the charge retention at 65°C as compared to normal positives and
positives containing other metal additives.
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I. OUTLINE OF PROGRAH
_he program was divided into two parts. The first involved
a continuation of the investigation into the qualitative and quanti-
tative nature of the sintered nickel oxide electrode, begun under
Contract No. NAS3-4178. This investigation was carried out by
the use of chemical, electrochemical, and X-ray diffraction tech-
niques as methods of analysis. The second part concerned itself
with methods of stabilizing the nickel compounds formed during
charge of the positive electrode. The stabilization methods used
included: (I) additives (the inclusion of foreign materials
within the structure of nickel oxide crystals; and (2) formation
at various currents and temperatures. Plates made by these methods have
been evaluated with respect to retention of charge on stand, and
performance on charge and discharge (4 cycles).
A. IDENTIFICATION AND CHARACTERIZATION OF BATTERY ACTIVE MATERIAL
EXISTING IN THE NICKEL OXIDE ELECTRODE
I. Construction of Test Cells
a. Plates
Positive plates were used, all of wh_c, were impregnated
at the same time with Ni(N03) 2 and then chemically converted
to Ni(OH) 2 .
b. Stacks
Single positive plates were surrounded by excess neg-
ative capacity in the form of two slntered cadmium elec-
trodes with two layers of non-woven nylon serving as
separator and 347° KOH as electrolyte.
2. Formation Treatment
Thirty cores were constructed and cycled using the follow-
ing regime:
a. Charge at C/10 for 16 hours.
b. Discharge to 0 volt at C/3.
c. Short for 2 hours.
This was repeated 3 times. TWenty cells most alike in
capacity were chosen for further testing in Part 3.
Thirty additional cores were constructed and formed for
use In Part 4.
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3. Effect of State of Charge and Rate of Charge
a. After the third formation cycle was completed, I0 cells
were charged at C/2 for 4 hours.
b. Two cells were discharged at C/2 for i hour.
c. Two cells were discharged at C/2 to 1.0 V.
d. Two cells were discharged at C/2 for % hour.
e. Two cells were allowed to retain their fully charged state.
f. Two cells were charged to the gassing point of the
positive plate.
After a 24 hour stand on open circuit, the cells were taken
apart and the positive plate analyzed by X-ray diffraction and
electrochemical means.
Steps a. to f. were carried out at the C/10 rate.
4. Stand Time at Various Temperatures
After preparing 24 cells chosen from 30 (those most alike
in capacity), they were charged at C/IO for 20 hours at room
temperature. Twelve of the cells were then disassembled
inm_ediately and the positives placed in beakers of 34% potassium
hydroxide. The remaining 12 cells remained as they were. Four
disassembled cells and four assembled cells were placed in an
oven at 50°C. A like number of cells were placed in a cold
box at 10°C and the remaining cells were kept at 25°C. After
24 hours, two disassembled positives, along with two positives
from the assembled cells, taken from each temperature stand
were analyzed. The remaining positives and cells were kept
at their respective temperatures for three months and then
analyzed.
5. Methods of Analysis
The plates were analyzed by X-ray diffraction and chemical
methods.
a. Chemical Means
Emphasis was placed on chemical analysis for quanti-
tative determination of Ni, R, O and the oxidation state
of the nickel in the active portion of the plate.
(I) Nickel
In a sintered plate, the interference of pure nickel
was eliminated. Total nickel could then be determined
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by electroplating or precipitation in alkaline solution
as nickel dimethylgloxime.
(2) Hydrogen
A washed and dried sample was mixed with K2CrO 4
and PbCrO 4 and heated to 600 ° . The water vapor then
produced was captured in a weighed drying tube.
(3) Oxygen
Oxygen can best be determined by difference, with
respect to the total nickel and hydrogen determined.
(4) Nickel Valence
The valence of the active nickel was to be determined
by iodometric titration and concurrent analysis for
active nickel.
b. X-ray Diffraction
All X-ray diffraction data were obtained using uncovered
samples.
Two goniometer scan speeds were used. For qualitative
work, a speed of 2° (28 ) per minute (40 minute scan time)
was used, and for quantitative structural determinations,
a scan speed of 1/8 ° (28 ) per minute (8 hour scan time)
was used.
B. STABILIZATION OF NICKELIC OXIDES AND HYDROXIDES
I. Formation at Various Temperatures and Rates
Cells were constructed using one unformed sintered positive
surrounded by two negative plates. Formations were performed at
the C/2, C/10, and C/30 rates and at temperatures of I0 °, 25 °
and 80°C for each rate. Three cells were formed at each rate
and each temperature for 3 cycles.
2. Additives
Impregnating nickel solutions were prepared containing
20 metal atom percent Li, Na, Be, Mg, Ba, Co and Mn. Additional
impregnating solutions containing 5 and I0 metal atom percent
of the above additives that yielded optimum results were pre-
pared. A control solution of pure nickel nitrate was also
prepared.
For each quantity and additive type, I0 plates were impreg-
nated and formed by the standard procedure.
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C. PRELII_INARY EVALUATION
Electrodes stabilized by the above described methods were
evaluated in the following manner.
I. Storage and Evaluation
At least three cells of each group were constructed. The
capacity was determined as follows:
a. C rate charge for 2 hours.
b. Immediate discharge at C/5 to 0.0 V.
_his charge was repeated.After various stand times at dif-
ferent temperatures, the cells were again discharged at
C/5 to zero volts.
This was done at 25°C, 50°C, 40°C and 65°C. A check of
capacity on immediate discharge at room temperature was
made before and after each stand test.
2. Electrochemical Stabilization Tests
Samples of each group were cycled for 4 cycles at C/IO
charge--C/5 discharge at room temperature. Methods of evalua-
tion included capacity, reproducibility of results with respect
to capacity, efficiency and voltage level.
D, EVALUATION OF IMPROVED MATERIAL
After establishing a superior material, or a group of superior
materials, with respect to stabilization, the following tests were
made.
I. Decomposition of Charged Positive
Using 15 cells consisting of the superior material, with
respect to stabilization, the following tests were performed.
Cells were allowed to stand at temperatures of 20° , 40 ° , 60 °,
80 °, and 95°C and after a passage of I day, removed and discharged
at the C/5 rate to a 1.0 V end point at room temperature. The
capacity of all cells was determined immediately after charge at
the C rate. This was repeated by charging the same cells at
the C rate and extending the stand time to 3 days. The test
was repeated allowing just the charged positive plates to be
immersed in electrolyte at the various temperatures, the cap-
acity of which, again, had been previously determined. These
plates were then surrounded by negatives and discharged to 1.0 V
at the C/5 rate. This, too, was repeated, extending the charged
stand time if significant differences were noted between the
1 and 3 day stand.
2. Investigation of Sintered Plate parameters
a. Establishment of Optimum Formation Techniqu9
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l_e optimum formation is considered to be the one which
produces a plate that, when incorporated into cells, yields
the highest voltage level on discharge, the greatest capacity
per unit weight and volume, optimum charge efficiency,
and most consistent reproducibility of the aforementioned
results,
h. Establishment of Charge Acceptance as a Function of
Charge Rate_ and Determination of Point of Oxygen Evolu-
tion at Various Rates
The characteristics of positive plates could be estab-
lished with one experiment. A positive plate is contained
in a seated chamber of known volume together with an oxygen
consumi,_;_ electrode. Both the oxygen electrode and the
positive plate have external connections allowing for charge.
The sealed chamber is filled with pure oxygen and a pressure
gauge records oxygen pressure. As current is passed to
charge the positive plate and cause oxygen reduction at the
appropriate electrode, the rate of oxygen pressure decay
should be in direct proportion to the charging current pro-
vided that no oxygen is produced at the positive. The dev-
iation from the theoretical slope not only establishes the
charge acceptance, but also indicates the point at which
oxygen evolution begins.
c. Determination of Utilization Factors at Various Rates
of Discharge.
The three plate cells, consisting of 1 positive and 2
negative electrodes, were again employed here. All charges
were done at the I hour rate. Discharges were performed
at the I0 minute, I hour, two hour five hour, and the i0
hour rates. Capacities were determined to 1.0 V and 0.0 V.
d. Determination of Utilization Factors for Depth of
Discharge at 25% t 35%_ 50%_ 75% and 100%
A group of three plate cells were charged at the C rate.
After the initial charge, the cell was discharged for 15
minutes at the C rate. It was then charged for 15 minutes
at the C rate and finally discharged to 1.0 V and 0.0 V at
C rate. This was repeated for a 21 minute discharge, a
30 minute discharge, and similarly to obtain the other
stated depths of discharge. A comparison was made of the
capacities obtained when discharging to 1.0 V and 0.0 V
versus the various depths of discharge.
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IIo EXPERIMENTAL PROCEDURES AND RESULTS
A. EXPER_4ENTAL PROCEDURES
I. Determination of Battery Active Materials Existing in tho
Sintered Plate Nickel Oxide Electrode
a. Effect of State of Charge and Rate of Charge
(i) Construction of cells
Thirty cells consisting of I positive and 2 nega-
tives were assembled as described in Section I. Each
positive plate had the dimensions of 1-7/8 x 2-1/8 x
.035" and contained 3.4 grams of Ni(OH)2.
(2) Formation Procedure
All cells were charged at I00 ma for 16 hours and
discharged immediately at 400 ma to 0.0 V. Upon com-
pletion of discharge, cells were shorted for 2 hours.
This procedure was repeated twice more.
(3) Selection of Cells and Test Procedures
Based on the capacity of the third formation cycle,
20 cells were chosen for further testing. Six of the
20 cells were charged at 500 ma for 4 hours. Two of
these were discharged at the same rate for ½ hour. Two
others were discharged at 500 ma to 1.0 V. The remain-
ing two cells were kept at their fully charged state.
All six cells stood on open circuit for a period
of 24 hours after which time they were disassembled and
their positives placed in separate polyethylene bags.
Just before being placed in the goniometer of the X-ray
diffraction apparatus, each positive was removed from
its polyethylene container. Thus, X-ray diffraction
patterns were obtained from plates wet with KOH and un-
covered.
Six other plates were charged at I00 ma for period
of 20 hours. Two were discharged at I00 ma for 2½ hours;
two were discharged at the same rate to 1.0 V; and two
retained their fully charged state. Upon completion of
their electrochemical treatment, all six cells were dis-
assembled, their positives placed in polyethylene hags
which were removed before X-ray diffraction patterns
were taken.
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b. Effect of Stand Time at Various Temperatures
(1) Construction of Cells
Thirty cells, consisting of I positive and 2 neg-
atives, were assembled. Each positive plate had dimensions
of 1-7/8" x 2-1/8" x .035" and contained 3.4 grams of
Ni (OH) 2 .
(2) Formation Procedure
All cells were formed at I00 ma. The charge lasted
for 15 hours, then discharged until the cells reached
zero volts. Upon completion of discharge, the cells
were shorted for 2 hours. This procedure was repeated
twice more.
(3) Selection of Cells and Test Procedures
Based on the capacity of the third formation cycle,
the 24 cells most alike in capacity were charged at
I00 ma for 20 hours at room temperature. Twelve of the
cells were then disassembled in the charged state and
their positives placed in beakers of 34% potassiom hy-
droxide. The other 12 cells remained as they were.
Four plates and four cells were placed in an oven at
50°C. A like number of cells and plates were placed in
a cold box at 10°C, and the remaining cells and plates
were kept at room temperature. After a stand of 24
hours, a plate and a cell were removed from each tempera-
ture ambient, the cells disassembled, and all plates
X-rayed. After 48 hours, another cell and plates were
removed from each ambient and the positive plates
X-rayed. The remaining cells and plates were retained
at their respective temperatures for a three month
period at which time the positives were X-rayed.
c. Methods of Analysis
Various methods of chemical analysis were attempted to
determine quantitatively the amounts of active nickel, oxygen
and hydrogen content and the average nickel valence on the
sintered plate.
(I) Analysis of Active Nickel
Active nickel can be determined by heating the elec-
trode'in a solution of ammonium hydroxide-ammonlum
acetate. This solution will dissolve only the oxidized
nickel leaving the slntered substrate unattacked.
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• (2) Analysis of Hydrogen
The amount of hydrogen in a sample of p_,re Ni(_{)2
was determined by means of oxidation of the hydrogen
by K2CrO 4 and PbCrO 4. The details of the analysis are
given below.
A combustion tube was set up in the following manner.
At the exit end was one inch of copper gauze, then 12
inches of lead chromate, followed by 4 inches of copper
gauze. The sample crucible was placed in next, followed
by another four inches of copper gauze. The section of
the combustion tube was heated first to 300°C while dry
air passed through the system. When all moisture had been
• removed, the section under the sample cruxible was heated
to 700°C. The exiting s_eam of water vapor was caught in
a weighed drying tube containing Drierite. The flow of
air was adjusted to 2 ml/sec. The amount of hydrogen in
a sample was determined from the weight of water trapped
in the Drierite tube.
(3) Analysis of Oxygen
Oxygen content is determined by difference with
respect to the total nickel and hydrogen content.
(4) Analysis for the Oxidation State of Nickel
The oxidation state of nickel was determined in the
following manner.
-The sample was placed in a beaker of alkaline KI.
The sample was then dissolved by addition of dilute sul-
furic acid to Ph 1.5. The iodine liberated by the reduc-
tion of nickel in oxidation states greater than 2 to
Ni 4-_ is titrated with a standard solution of Na2S203.
The total amount of nickel present was determined by
electroplating on a platinum grid. A sintered plate
was also analyzed by this method.
d. Preparation of Ni(OH)2
Pure Ni(OH)2 was prepared as another X-ray standard by
addition of KOH to Ni(N03) 2 solution. The resulting precipi-
tate was filtered through a Buchner funnel, washed and dried.
It was analyzed for nickel valence using the method des-
cribed above.
e. High )falence Nickel Oxide
With the hope of producing a standard for X-ray, a nickel
oxide compound was prepared by slow addition of a solution
consisting of .34N Na0CI and 6.45N in KOH to 200 ml of .17N
Ni(N03)2 solution. When the resulting precipitate had
settled, the supernatant liquid was removed by decantation
and the solid washed twice with fresh base. The sample was
stored in a beaker of 34% KOH.
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f. 7-NiOOB (Ni203 .H20)
With the intent of preparing an X-ray standard, a com-
pound was prepared by the method of Cairns and Ott_ 8) which
was analyzed by them and found to have the composition of
NI203"H20. This compound is a dlmer of NiOOH and the re-
ported X-ray data are similar to that given by Glemser and
Einerhand(7) for 7-NiOOH.
2. Stabillzation of Nickellc Oxides and Hydroxides
a. Formation
(I) Construction of Test Cells
Thirty standard cells consisting of I positive and
2 negatives were assembled. Each positive plate con=
talned 3.4 grams of Ni(OH)2.
(2) Formation Procedure
Cells _ere formed in groups of 10 at 100 ma at 25°C,
35 ma at 10 C, and 100 ma at 80°C. The charge at each
rate was of such duration as to equal 150Z of the theoret-
ical capacity of the cell, which amounted to 15 hours for
the 100 ma charges and 45 hours for the 35 ma charges.
The discharge was to zero volts, followed by a minimum
of a 2 hour short.
Cells received 3 formation cycles.
(3) Effect of Stand
The evaluatlon of the positive plates formed at
10°C-35 ma, 25°C-I00 ma, and 80°C-100 ma was performed
in the followlng manner.
Six cells from each group of ten were charged at
1 ampere for 2 hours and then immediately discharged
at 200 ma and room temperature to 0.0 V. After an
overnight short, they were again charged at 1 ampere
for 2 hours. The cells were disassembled and the posi-
tives allowed to stand in separate beakers of KOH, at
zoom temperature, for a period of 3 days, and then dis-
charged at 200 ma at room temperature to 0.0 V. Cells
were again shorted overnight and test procedure described
above was repeated at a .50°C and 65°C three day stand
for the charged positives.
(4) Effect of Cycling
The four remaining cells from each group were cycled
4 times. Each charge was for a period of 16 hours at
I00 ma_ followed immedlately by a discharge at 200 ma to
a cell voltage of 0.0 V. All cells were shorted for 2 hours
between cycles,
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b. Additives
(I) Impregnation of Sintered Plates
Sintered plates, 1-7/8 x 2-1/8 x 0.035" were vacuum
impregnated with nitrate solutions containing 80 metal
atom % Ni and 20 metal atom % of the additives Li, Na,
Be, Mg, Ba, Co and Mn. Ten plates were prepared for each
additive. In addition, I0 plates were impregnated with
pure nickel nitrate. Conversion to the hydroxide was
done in 25% KOH at 70°C. The impregnation and conversion
procedure was repeated until the plates had gained
approximately 3 grams.
(2) Construction of Test Cells
The eighty test cells were prepared using the stan-
dard three plate cell technique. Each group of ten cells
was then sub-dlvided into two groups; one of six cells
and one of four cells.
(3) Effect of Cycling
Four cells from each group were cycled 4 times.
Each charge was for a period of 16 hours at 100mA,
followed immediately by a discharge at 200 ma to a cell
voltage of 0.0 V. All cells were shorted overnight be-
tween cycles.
(4) Effect of Stand
The remaining six cells from each group were charged
at I ampere for two hours and were then immediately dis-
charged to 0.0 V at 200 ma at room temperature. The cells
were then shorted overnight and again charged at I ampere for
2 hours. The cells were allowed to stand in the charged
state for 3 days at room temperature; following this
stand, the cells were discharged at 200 ma to 0.0 V and
shorted overnight. This cycle was repeated for a 3 day
stand at 65°C and again for a 7 day stand at 65 ° for a
group of cells containing selected additives.
B, EXPERIMENTAL RESULTS
1. Determination of Battery Active Materials Existing in the
Sintered Plate Nickel Oxide Electrode
a. Effect of State and Rate of Charge
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(I) Formation
The discharge capacities obtained during formation
of the 30 sintered plates are shown in Table I. The
check marks indicate the 20 cells chosen for further
testing.
(2) Preparation for and X-ray Analysis of Positive Plates
at Various States of Charge
(a) C/2 Rate - The six cells used for this test
were numbers 7, 8, 9, I0, II and 12. Cells 7 and
8 were left fully charged and the X-ray diffraction
pattern obtained from their positives is shown in
Figures I and 2 respectively. Cells 9 and I0
were discharged for ½ hour (C/2 rate) and the X-ray
patterns from their 3/4 charged positives are shown
in Figures 3 and 4. The remaining two cells were
discharged to 1.0 V (C/2) rate), cell number Ii
requiring 125 minutes to reach that voltage.
Figure 5 and 6 are the respective X-ray diffraction
patterns obtained for these positive electrodes.
(b) C/10 Rate - Cell numbers 22, 23, 24, 25, 26 and
27 were used for this test. The patterns obtained
from the positives of these cells appear in Figures
7 through 12 respectively. Cells 24 and 25, which
were discharged to 1.0 V, required I0 hours and 28
minutes and 9 hours 22 minutes, respectively, to
reach their required voltage. Cells 22 and 23 were
discharged 2_ hours and the remaining two cells
retained in the fully charged state.
The major peaks and their intensities are shown in
Table II for both rates.
(3) quantitative Structure Determination
Figure 13 shows X-ray diffraction patterns obtained
by slow scan between I0O and 40 ° . Three peaks obtained
correspond to the three major peaks of Ni(_{)2. Patterns
of the discharged state, 75% charged, 90% charged, and
100% charged and 133% charged are shown.
Figure 14 shows the diffraction patterns obtained from
200% to 550% charged.
(a) Effect of Stand at Various Temperatures
The capacities of the additional 30 cells on
their final formation discharge are listed in
Table III. Numbers marked with an asterisk in-
dicate the 24 cells chosen.
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Figures 15 to 31 are the X-ray patterns from
positive electrodes stored at various ambient temp-
eratures for 24 and 48 hours and 3 months.
b. Chemical Analysis of a Discharged Electrode
(I) Act!v _ Nickel
An impregnated discharged electrode of known weight
was treated with a mixture of anzaoniumhydroxide and
ammonium persulfate. After two hours in solution, the
plate was washed, dried and reweighed. The impregnated
plate weighed 8.583 g Initially, and after treatment
5.427 g. Since the weight gain during impregnation was
2.963 g_ approximately 190 mg of slnter was converted to
active nickel The h"d4(OH)-(ffit4)2S208 solution was then
electrolyzed at 3.0 V bet_ceen a platinumwire anode and
a platinum grid cathode. The electrolysis was continued
until the solution tested negative for nickel with di-
methylglyextme. The total amount of active nickel was
determined to be 1.934 grams. The total active material
equals
2.963 + 0.190 = 3.153 grams
Thus, the percent Ni = 1.934/3.153 = 61Z
(2)
A plate containing 2.831 grams of active material
yielded 0.0666 grams of hydrogen.
Assuming about the same percentage of nickel sinter
was converted to active material as in the above case,
then the total active material is is 3.013. The percent
hydrogen equal to 0.0666/3.013 = 2.2_
(3) Oxygen
Oxygen is determined by difference.
Z O = 100 - (61Z + 2.2%) = 36.8Z
(4) YQrmula Weight
By dividing these percents by the atomic weights
H ffil, Ni ffi58.7, 0 ffi16 we obtain
6.1_ ffi1.04 2_2_ . 2.2 36.8Z = 2.3
58.7 1 16
On this basis, the discharged plate has the formula Ni(OH)2.2
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c. Average Nickel Valence
From the values of the oxidation state, shown in Table IV
and the duplicate determination of one of the charged
states, it is apparent that the fraction of trivalent
nickel is precise to + 20%. At the 50% charge level,
average valence is 2._, and at the fully charged (100%)
level, the average valence is 2.5. The composition at
500% charged, at which state the electrode has previously'
been shown to be composed of 7-NiOOH(4), is 2.75.
d. Nickel Hydroxide Standard
Three major peaks from the X-ray diffraction pattern
of Ni(OH)2 are shown in Figure 32.
e. High Valence Nickel Oxide and Oxidation State
The oxidation state of the nickel in the high valence
oxide was determined to be 3.07. Table V shows the data
used in determining the average valence.
The X-ray pattern, shown in Figure 33 shows the com-
pound to be amorphous.
f. y-NiOOH (Ni203oH2 O)
The X-ray pattern for this compound is shown in con-
densed form in Figure 34 and the X-ray "d" spacings and
integrated intensities were obtained by measuring the
areas under the peaks with a mechanical integrator, as
shown in Table Vl.
The oxidation state of the nickel oxide was determined
to be 2.79 + 20%.
2. Stabilization of Nickelic Oxides and Hydroxides
a. Formation
(I) Capacitie%
The capacities to 0.0 V during each formation
cycle of plates formed at different rates and temp-
eratures is shown in Table VII.
(2) Effect of Stand
The capacities obtained from the cells with dif-
ferent formation histories are listed in Table VIII
for immediate discharges and discharges after a 3 day
stand at room temperature, 50°C and 65°C. The immed-
iate discharge capacities were taken initially and
before each elevated temperature testing.
The effect of stand is shown in graphic form in
Figure 35 using the average value of the immediate
discharge capacity as 100Z charge retention.
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(3) Effect of Cycling
Table IX shows the capacities of 4 cells in each
igroup for 4 consecutive cycles. Figure 36 shows a typical
discharge curve for each formation group.
b. Additives - 20ZLevel
(I) Preparatlon of Plates
Tables X through XVII list the weight gain, theoretical
capacity and experimental capacity on the third formation
cycle of cells with positives containing, respectively,
20 metal atom percent of beryllium, magnesium, lithium,
sodium, manganese, cobalt, and barium along with the con-
trol cells.
(2) Effect of Cycling
Table XVlll shows the capacities of 4 cells in each
group for 4 consecutive cycles. Figures 37 and 38 show
a typical discharge curve for each group.
(3) Effect of Stand
Table XIX shows the capacities of 6 positives from
each additive and control group on immediate discharge,
3 day stand at 25°C, 3 day stand at 65°C, and for selected
additives on 7 day stand at 65°C. The data for the posi-
tives containing cobalt are for I and 7 days at 65°C.
c. Additives at Other Levels
Based on the data presented in Section b. above, the
additives cobalt and manganese were chosen to be evaluated
at the 5 and I0 metal atom percent level.
(I) Preparation of Plates and Cells
Positive plates and laboratory cells were prepared in
the manner previously described. The formation capacities
are shown in Tables XX through XXIII.
(2) Effect of Cycling
Table XXIV shows the capacities of 4 cells in each
group for 4 consecutive cycles. Figures 39 and 40 show
typical discharge curves for each group.
(3) Effect of Stand
Table XXV shows the capacities of 6 positives from
each additive group on immediate discharge, 3 day stand
at 25°C, 3 day stand at 65°C and a 7 day 65°C stand for
the 10Z cobalt cells.
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•' III. EVALUATION OF IMPROVED MATERIALS
With their superiority, with respect to high temperature charge
retention, established, positive electrodes containing 20 metal atom
percent cobalt and 20 metal atom percent manganese were selected as
improved materlals and, along with control cells, were subjected to
further evaluation.
A. UTILIZATION FACTORS OF VARIOUS RATES OF DTSCHARGE
1. Experlmental Procedure
Four cells with cobalt containing positives, four with man-
ganese containing positives, and four controls were chosen. The
cells were charged at 1 ampere for two hours and then discharged
at the 6C rate to O.0V and shorted overnight. This procedure
was repeated except that the discharge rate was changed to the
C rate, C/2 rate, C/5 rate and C/10 rate.
2. Results
The results of the above experiment are summarized in Table XXVZ
and shown graphlcally in Figures 41 through 44.
B. UTILIZATION FACTORS AT VARIOUS DEPTHS OF DISCHARGE
1. Experimental Procedure
The cells were charged at 1 ampere for 2 hours, discharged to
a given depth at 1 ampere, recharged at 1 ampere for the same
length of time as the discharge and then discharged at 1 ampere
to 0.0 volts.
2. Results
The results are summarized in Table XXVII.
C. STAND AT ELEVATED TEMPERATURES
1. Experimental Procedure
Eighteen cells, 6 each of 20Z manganese and 20Z cobalt doped
and control cells were placed in an oven at 80°C for 3 days.
2. Results
At the elevated temperatures, the cells containing poslt[ves
doped with 20 atom percent cobalt and manganese had no capacity,
while the control cells did. Disassembly of the cells reveated
that the separator bagsazound the doped positives were completely
disintegrated and the active material had shed from the substrate.
The control cells, while showing some shedding of active material,
did not attack the separator.
Figure 45 shows the attack on the separator of a manganese
positive and the shedding of the active material on a cobalt
positive. -18-
D, DETERMINATION OF CHARGE EFFICI_NCY
I. Experimental Procedure
In order to determine the charging efficiency and oxygen
gassing point of both doped and control cells, a sealed cell con-
cept was used.
The cell consisted of two 1 ampere-hour positive plates,
four negative plates and an oxygen consuming electrode connected
to the negative terminal.
The cell was then pressurized with oxygen and a pressure
vs. time decay curve was obtained. The cell was then repressurized
and charged at a given r_te and the pressure decay curve obtained.
From these conditions, along with the void volume of the cell and
the Faradaic equivalent to convert rate of pressure change to
current, the fraction of charging current which goes into pro-
ducing oxygen can be determined, as shown below.
dP = dP
dt evolution dt net kP (1)
io 2 ffi 4FV d___P (2)
RT dt evolution
Where:
Io 2
F
V
R
T
= the fraction of the current producing oxygen
ffi the Faraday
ffi the void volume of the cell
ffi the gas constant
ffi the absolute temperat.re
_lerefore, by using equation (2) the fraction of the current
used for the parasitic reaction (production of oxygen) and also
the point in the charge where this becomes significant can be
determined. However, this method could not be used because of
unexpected hydrogen evolution from the negative electrode e£
all current densities tested. Therefore, an alternate scheme
was devised and is shown below.
2. Determ_.ation of Charge Efficiency
Consider an experimental cell. It has a gas volume, V, it is
charged at I amperes at an absolute temperature, T, and is pres-
sured with oxygen to P atmospheres. When the oxygen is consumedat the
blank, electrode, it must do so at a rate proportional to the
current. Using the ideal gas law, we may write the pressure decay
as:
dP = RT dn (3)
dt V dt
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where n is the number of moles of oxygen consumed and the other
symbols have their usual significance. Multiplying by the num-
ber of electrons required to produce a molecule of oxygen, 4N, and
using the relationship (N - Avogadre's number)
I = zF dndt ' (4)
where F is the faraday of electricity,
dP _- I (5)dt 4FV
Equation (5), therefore, represents the theoretical rate of oxygen
consumption and is expected to hold until the oxygen pressure
decreases to the point where this process no longer occurs. At
this time, it is expected that the potential will increase as
the blank electrode changes from an oxygen consumption electrode
into a hydrogen evolution electrode at a cell voltage of 1.5 volts.
The cells prepared for this experiment consisted of 2 positive
electrodes and 5 oxygen consuming electrodes. One cell contained
control positives, another contained positives with 20 atom per-
cent cobalt, and a third contained positives with 20 atom percent
manganese, The cell volumes were determined by a gas expansion
procedure.
The cells were evacuated, then pressurized with oxygen to
65 PSIA. During a C/10 charge (0.2 A), the pressure decay rates
were measured.
3. Results
Figure 46 shows the theoretical and actual oxygen decay rates
for the control cell. From this curve, the charging efficiency
is 80% at C/10.
If, in Figure 47 (cobalt cell), we concentrate on the lower
portion of the experimental curve (after 20 minutes), we find
that at the C/10 rate, the cobalt positives are, within experi-
mental error and under the conditions of this experiment, 100%
efficient in receiving charge. The upper portion of the curve, be-
fore twenty minutes, may be due to a redistribution of water and
a change in effective void volume.
The manganese containing positives shown in Figure 48 show
an experimental curve divided into two sections, A and B. In
section A, the efficiency is 75%. However, after 10% of its
capacity is returned, the efficiency drops off sharply to about
40%.
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IV. DISCUSSION
A. DETERMINATION OF BATTERY ACTIVE MATERIAL EXISTING IN THE SINTERED
PLATE NICKEL OXIDE ELECTRODE
I. Effect of Stand On Structure
The results of Figures 15 through 31 are summarized in Table XXVIII
with respect to an estimate of the intensities of the reflections of the
001, I00 and i01 planes of the Ni(OH)2 str_cture, corresponding to the
nominal "d" values of 4.62, 2.73 and 2.32 A. The intensities are given
as a function of area under the curve, The results show that at I0 °,
25 ° and 50°C there is considerably less self discharge in positive
electrodes stored without their antipodes (negative electrodes) than
those positives stored as cells.
2. Chemical Analysis
a. Nickel, Oxygen and Hydrogen
While the analytical methods described above are inherently
accurate much difficulty is encountered in analyzing the active
material on the sintered plate. The hydrogen determinations are
complicated by the fact that there is only 2.14% hydrogen in
Ni(OH) 2 and half that amount in NiOOH. This means, for example,
that in a discharged one ampere-hour electrode the amount of
hydrogen to be determined is less than 0.07 grams.
The nlcke_analysis is complicated by the conversion of the
nickel sinter to active material.
For these reasons, chemical analysis was not pursured further
than the discharged electrode study.
b. Oxidation State of the Active Material on the Sintered Electrode
The determination of the oxidation state of nickel in high valence
oxides has been accurately measured by use of an iodometric titration.
However, when this method is applied to the active material on the
sintered plate positive electrode the results do not agree with the
electrochemical data. For example, a fully charged electrode yields
an average nickel valence of 2.5, whereas the electrochemical data
indicates that the average valence should be between 2.8 and 2.9.
From these data it is apparent that the method for determining the
average oxidation state of nickel in high valence oxides by iodo-
metric titration has not yet been developed to the point where it
is applicable to sintered electrodes. See Table XXIX.
3. Structure of Nickelous Hydroxide (Figure 13)
The discharged'state of the positive nickel oxide electrode has been
shown to yield the same x-ray pattern as that of pure nickel hydroxide as
has been described in the literature and as prepared in our laboratories
(Figure 32).
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Pure nickelous hydroxide crystallizes with a hexagonal layer
structure of closest packed oxygen layers having the space group
C _ M. In this structure, the Ni 2+ ions occupy the octahedral
interstices between every other layer. Thus, the sequence of
layers may be described as:
o ....
Ni: C C C
in which the hydrogen atoms probably occupy tetrahedral positions
between pairs of layers as indicated by the dotted lines.
4. Effect of State of Charge on Structure
A quantitative study of the effect of state of charge on
structure was made by obtaining the integrated intensities
(areas under the peaks) of the X-ray reflections shown in
Figures 13 and 14. These intensities are tabulated in Table XXX
and were obtained by normalizing the areas under the various
peaks by setting the 001 reflection (d = 4.60-4.70_) equal to
I00.
During the charging process, the active material is oxidized
from Ni 2+ to Ni 3+ with the simultaneous loss of a proton to the
electrolyte solution.
As shown In Figures 13 and 14, and Table XXX, no structural
changes discernible by X-ray techniques occur until the electrode
is close to fully charged.
[ IIt can now be shown that for the discharged NI(OB)2 state
the structure factors F, (whose square multiplied by the _ul-
tlpllclty and Lorenz polarization factors are proportional to the
intensities) for the reflectlons in question are:
F001 = fNi' F002 = fNi - 2fo' FI00 = fNi - fo and
FI01 = fNi +_-fo
Where f.. is the atomic scattering factor for n_ckel and fo
I
is the atoml_ scattering factor for oxygen.
When sufficient protons have been lost and the structure nears
the composition NiOOH, the intensity data indicate that a random-
ization of the structure occurs, probably due to a shearing motion
of the layers caused by hydrogen bonding. Evidence for the ex-
istence of hydrogen bonds has been shown by Kober by use of infrared
spectroscopy. Figure 49 is an infrared reflectance spectrum of
a discharged electrode. The absorption peak at 3730 cm "I is
indicative of free hydroxyl groups as one would find in Ni(OH)2.
This peak is missing in Figure 50which is the charged electrode.
This indicates that there are no free hydroxyl groups in NiOOH
and, therefore, those hydroxyl groups which are present are most
probably tied up as hydrogen bonds.
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This shearing motion causes the ordered arrangement to be
replaced by a random arrangement of layers of the type:
O: B[A , C_B, A[C
Ni: C A B
Figure 51 schematically diagrams the transformation from
the ordered to the random layer structure, Figure52A is a
ball and stick model of 2 layers of the ordered NI(OH)2 structure,
The random arrangement of NiOOH shown in Figure 52B corres-
ponds to a structurewhich, on the average, has 1/3 Ni at 000,,
1/3 2/3 O, 2/3 1/3 O, and 1/3 0 at O0 _ 1/4, 1/3 2/3 + 1/4
and 2/3 1/3 ± 1/4. This structure has structure factors_
FO01 " fNi' FIO0 = FI01 = 0 and .
F002 = fNl " 2fo
These structure factors agree well with :thoselndlcated by
the observed intensities, Figure 14 illustrates the fact that
at 200Z charged the electrode is essentially amorphous and
that further high rate overcharge causes theamorphous material
to recrystallize into what has been described as the_-NiOOH
phase.
5. Depth of X-ray Penetration
A calculation revealed that the depth of penetration cor-
responding to 95Z of the diffracted intensity waa many orders
of.magnltude greater (0.01") than the expected size Of a
crystal. This eliminates the possibillty of the partially
dlscharged'surface of a crystal of active material accounting
for the similarity of patterns obtained from 90_ charged and
completely discharged electrodes.
The thickness of the sintered plate is 0.035". The grid
material is 0.01" thick, leaving the sintered nickel and ac-
tive material with a thickness of .013" for each side. For
a mixture of nickel and of active material, the depth of
penetration which yields 95% diffraction, corresponds to
slightly less than 0.01" but certainly more than .003".
Since we are dealing with a porous material, the penetration
probably exceeds .01". The remote possibility ofdlscharged
material existing within the depth of the sintered plate
as a cause of the patterns is thus negated.
B. STABILIZATION OF NICKELIC OXIDES AND HYDROXIDES
I. Formation
The results of comparison of charge retention characteristics of
plates formed at various rates and temperatures are summarized in
Figure 36. No significant differences are shown with respect to
stability a£ room, or elevated temperatures between plates with
different formation trea_nents. On the basis of capacity, however,
the results given in Tables Ill, IV and Figure l7 indicate that a
slightly greater capacity for plates formed at C/30, and 10C was
exhibited than the control, while those formed at C/lO and 80 °
exhibit a lower capacity. The reproducibility of capacity with
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.cycling is not affected by different formation conditions.
Additives 20% Level
The additives, Li, Na, Be, Mg, Ba, Co and Mn were added to the
positive electrodes in order that their effect on cycling and charge
retention at elevated temperatures could be studied.
a. Cycling
As can be seen from Table XVIII cycling, at least for four cycles,
has little effect on the capacities of the positives. Except for
magnesium containing positives whose capacity decreases sharply on
cycling, the capacity of other cells containing doped positives and
the control cells remain constant or tend to increase somewhat. This
increase in capacity is probably due to attack on the sinter.
b. Effect of Stand
(i) Initial Capacity
The initial no stand capacities of all the positive plates
containing additives were higher than were expected from the
weight of the impregnated nickel hydroxide. In the cases of
cobalt and manganese this is to be expected since these addi-
tives are most probably electrochemically active. However, as
far as the other additives are concerned this increase in capac-
ity is probably due to attack of the nickel sinter. The most
pronounced effect is that caused by the addition of lithium to
the positive. The capacities of such positives are on the order
of 0.3 AH higher than expected. Chemical analysis of the lithium
doped positives for active material showed that enough of the
sinter had been attacked to cause the increase in capacity.
(2) Stan_ at Room Temperature
All of the additives with the exception of magnesium
showed good charge retention after three days at room
temperature.
(3) Stand at 65°C
.
Figure 53, which is a graphical summary of the 65°C stand
show in Table XIX, clearly shows the superiority of charge re-
tention by both the cobalt and manganese additions to the posi-
tive over all other additive materials and the controls. In
addition to its charge retention properties, the cobalt contain-
ing positives have greater absolute capacities (Figures 37 and 38)
than the controls or positives containing other additives.
Additives - Other Levels
a. Cycling
As is shown in Table XXIV there is little capacity change on
cycling of the positives containing either cobalt Or manganese at
either the 5 Or i0 atom percent level.
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b. Effect of Stand
Table XXV shows large losses in capacity on stand at room temper-
ture and at 65°C for positives with 5 and i0 atom percent manganese
and 5 percent cobalt. The 10% cobalt positives show a loss in capac-
ity after 3 days at 65°C comparable with that of the 20% cobalt
positives. However, after 7 days at 65°C the 10% cobalt plates have
a capacity equal to the original no stand capacity. A subsequent
charge and discharge of the plates yielded on the average, a capacity
13% higher than the initial capacity (Table XXXI). This increase in
capacity is most likely due to attack on the sintered nickel plaque.
EVALUATION OF IMPROVED MATERIALS
I. Utilization Factors at Various Rates of Discharge
For all rates of discharge, the capacity of the cobalt containing
positives is higher than that of the manganese and control positives.
The control positives have, again, a somewhat higher capacity than the
manganese containing positives. In Figure 54 there is a plot of percent
change in capacity using the value at I00 ma for normalization vs. dis a
charge rate. The effect of charge rate on these electrodes is similar.
In fact, the manganese and control electrodes are essentially identical,
while the slope for the cobalt containing plates is less than that of the
other two. Between the amount of capacity and the slope for the discharge
rate, plates with cobalt are, indeed, attractive.
2. Utilization Factors at Variois Depths of Discharge
The results of this test show that there is almost no difference in
the utilization factors for either the positives containing additives or
the control positives.
3. Stand at Elevated Temperatures
Shorting of cells with additions of 20% cobalt and manganese occurred
on stand at 80°C due to severe attack on the separator material.
4. Determination of Charge Efficiency
The charge efficiency of positives containing 20 atom percent cobalt,
20 atom percent manganese and control plates at the C/10 rate has been
determined by the method outlined in Section IV-D.
At this rate the most efficient positives were those containing 20%
cobalt followed by the control and manganese positives. Rates above C/10
were not studied since it was not possible to keep the voltage low enough
to prevent hydrogen gassing.
We have not refined the method sufficiently, as yet, to determine the
point in the charge of the positive (near full charge) where oxygen gassing
becomes perfuse.
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•" V. CONCLUSIONS
I
A. DETERMINATION OF BATTERY ACTIVE MATERIALS EXISTING IN THE SINTERED
PLATE NICKEL OXIDE ELECTRODE
1. X-ray diffraction studies of the positive nickel oxide electrode
have shown that the discharged Ni(OH)2 structure is present until the
electrode is almost fully charged.. At that point the structure begins
to randomize and at 200_ of charge the active material is almost
completely amorphous.
B. STABILIZATION OF NICKELIC OXIDES AND HYDROXIDES
I. Fozmation
The effect of various formation rates and temperatures has been
studied and it has been determined that formation at C/30 and lO°C
yields electrodes with somewhat improved capacity.
2. Additives
It has been determined that positive electrodes containing 20 atom
percent cobalt are far superior to conventional positive electrodes with
respect to absolute capacity, utilization of various rates of discharge
_harging efficiency and charge retention in the range 25 - 65°C.
- 26 -
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TABLE I
CAPACITIES OF SINTERED PLATES DISCHARGED AT
400 ma to 1.0 V and 0o0 V
_E_LL_.
2
* 3
* 4
5
6
* 7
* 8
9
'* 10
* 11
* 12
L/ "+
* 14
15,
. 10
17
18
19
* 20
* 21
* 22
CYCLE 1
1.o volt
.92 AH
.91
.94
.88
.95
.94
.96
1.01
1.01
.94
.98
.94
.92
.90
1.01
1.04
.93
1.05
1.01
.94
1.02
1.02
0.0 Volt
.93 AH
.92
.95
.91
.95
.95
.97
1.02
1.02
.96
.98
.94
.92
.90
1.02
1.05
.94
1.06
1.01
1.03
1.05
1.05
CYCLE 2
1.o Voit
.97 All
.97
1.01
.93
1.08
1.07
.98
1.03
1.05
.98
1.03
1.04
.97
1.04
.99
.98
1.01
.91
1.05
.99
.94
1.00
0.0 Volt
1.02 AH
.99
1.05
1.03
1.15
1.07
.99
1.07
1.05
1.01
1.05
1.05
.99
1.05
1.O0
.98
1.03
.95
1.06
,99
.95
1.03
cYc_ 3
i.o Volt!
_.91]AH
.89
.94
.88
1.02
.92
.93
.98
,98
.92
.95
.98
.91
.97
.90
.93
.97
.84
1.01
.94
.89
.96
0.0 Volt
.94 All
.91
.97
.95
1.06
.93
.95
1.00
.99
.94
.96
.99
.91
.97
.91
.94
1.00
.85
1,01
.95
.93
1.00
. TABLE I - Continued
9¢
CELL NO,
23
24
25
26
27
28
29
30
" CYCLE i
.... I.o vof£ o.o _oit
.99 AH 1.00 AH
1.03
1.05
1.05
1.02
1.03
1.05
1.01
1.04
1.06
1.06
1.03
1.03
1.06
1.01
CYCLE 2
1.0 Volt
.96 AH
1.01
1.01
1.01
.99
1.01
1.01
.98
........ cYCLE 3
0.0 Volt
.96 AH
1.02
i .02
1.01
.99
1.01
1.03
.99
1.0 Volt
.93 AH
.96
.98
.98
.95
.97
.99
.94
I_o,o volt
I .94_
/ .98 _
.99
.98
.96
.98
1.00
.95

TABLE III
CAPACITY ON FINAL FORMATION - STAND CELLS
CELL CAPACITY
NUMBER To i. OV To 0. OV
* I .98 .98
*2. 1.03 1.03
* 3 .93 .94
* 4 .97 .97
* 5 .95 .95
*" 6 .98 .98
* 7 1.01 1.01
* 8 1.04 1.04
* 9 .95 .95
* 10 .99 .99
* Ii .98 .98
12 .91 .92
* 13 1.00 1. O0
14 .85 .85
15 .83 .83
CELL
NUMBER
CAPACITY
To I.OV To O.OV
16
* 17
* 18
* 19
20
. 21
22
* 23
* 24
* 25
* 26
* 27
, 28
* 29
* 30
.90 .91
.93 .93
.94 .95
.94 .95
.65 .72
.92 .92
I.08 I.08
.96 .96
1,00 1.00
.97 .97
.96 .96
.98 .98
1.01 1.01
;97 .97
.96 .96
* Cells Chosen - Most alike in capacity
_r_
r-:l
r..j
,,-: 0
,_ I--I
O_
+
_," r._
O_:_
_ .,.4
o
CYO 0 r_,
gd
H
I--I I-t
• • • o
e,l _4
o_ _ 0 i._
0
o,I o,I o,I _ o,I
co
0
0 0 0 0 0
0 0 0 0
0
c_
I °_1
TABLE V
DETERMINATION OF AVERAGE VALENCE OF HIGH VALENCE
NICKEL OXIDE
SAMPLE
NO.
2
Avg.
WEIGHT
NICKEL
(gins)
MILLI-EQUIVALENTS
NICKEL
MILLI- EQUIVALENT_
Na2S203
USED
MILLIEQUIVALENTS Na2S20 _
MILLI-EQUIVALENTS Ni
0.0234 0.3986 0.4822 1.21 3.10
0.0263 0.4479 0.4822 1.08 3.04
0.0249 0.4241 0.4822 1.15 3.07
L
AVERAGE
VALENCE
TABLE VI
X-RAY DIFFRACTION PATTERN
_-NiOOH (Ni203.H20)
2 _ d I/Io hkl (_--NiOOH) MATERIAL
• • , ,,
12.3
24.9
33.3
36.5
38.0
7.19
3.57
2.69
2.47
2.37
100B
18B
14B
8B
12B
003 "
006
i01
102
_-NiOOH- Ni203 • H20
_NiOOH - Ni203 • H20
Ni203 . H20
_-NiOOH - Ni203 • H20
 '-Nioo - i203•
B = Broad "
TABLE Vll
FORMATION DISCHARGE CAPACITIES AT VARIOUS
TEMPERATURES & RATES
DISCHARGE RATE
i00 ma
i00 ma
I00 ma
lO0ma
i00 ma
I00 ma
I00 ma
I00 ma
i00 ma
I00 ma
10Oma
I00 ma
I00 ma
i00 ma
I00 ma
i00 ma
I00 ma
I00 ma
I00 ma
i00 ma
T_E_An_E
25°C
25°C
25°C
25°C
25°C
25°C
25°C
25°C
25°C
25°C
80°C
. 80°C
80°C
80°C
80°C
80°C
80°C
80°C
80°C
80°C
_CL_ I
.94 A1t
.95
.91
.95
.95
.91
.96
.94
.94
.91
.70
.67
.75
.68
.72
.76
.77
.79
.75
.59
C_ACiTY TO 0.0 V
CYCLE 2
.98
.99
.96
.99
.99
.96
1.00
.99
.98
.98
.70
.68
.77
.67
.72
.77
.77
.77
.77
.60
cYc_/3
.97 AH
.99
.94
.98
.98
.94
.99
.98
.97
.94
.72
.70
.75
.69
•73
.78
.79
,79
.76
.61
TABLE Vll (Continued)
DISCHARGE RATE
35 ma
35 ma
35 ma
35 ma
35 ma
35 ma
35 ma
35 ma
35 ma
35 ma
TEMPERATURE
lO°C
o
10 C
10°C
10°C
10°C
10°C
lO°C
lO°C
lO°C
lO°C
CYCLE 3 1i .05
CAPACITY TO 0.0 V
CYCLE I
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
CYCLE 2 1
1.09
1.06
1.06
1.06
1.09
1.12
I.I0
1.16
1.18
.93
1.05
i.ii
1.00
1.05
1.05
1.05
i.Ii
1.12
.96
TABLE VIII
CAPACITIES OF VARIOUS FORMED PLATES AFTER VARIOUS
STANDS
FORMATION
_EATMENT
I0°C-35 ma
! ,I
25°C-lOOma
"qr
80°C-lOOma
i
• i
• .\t
CAeACZYY TO 0.0 V .....
NO STAND 3 DAY STAND 3 DAY STAND
.95 AH
.95
1.02
.91
.96
i.00
.89
.87
.80
I.II All 1.12 AH
i .ii i.I0
I.ii 1.13
1.07 .97
.97 i.05
1.04 i.08
.87 .93
,98 1.04
.94 1.07
,98 1.Ii
I.I0 1.Ii -
.95 1.05
.87 .96
.91 .97
.89 .95
.85 .86
.87 .91
.83 .87
.79
.83
.89
I I
.86
.87
.80
.79
.79
.70
3 DAY STAND
AT ROOM TI_..,,
1.04 All
.94
1.03
.91
.85
.90
.86
.84
I
1.01 I
.86 i
.73
.78
.81
.71 I
i
.76
.74
AT 50°C
.79 AH
.73
•78
.68
.69
.66
.66
.72
.51
.61
.48
.59
.62
.62
.51
.43
.48
.33
AT 65°C
.55 AB
.55
I .51
.48
.60
.48
I .51
.55
.54
,59
.56
.54
.48
.49
.46
.42
.46
.47
TABLE IX
CYCLING DATA - PLATES WITH VARIOUS FORMATION TREATMENT
FORMATION
TREATMENT
lO°C - 35ma
25°C - lOOma
80oc - 100
CYCLE 1
CAPACITY
CYCLE 2
1.0V
.93
1.00
.98
.89
.97
•.99
.91
.98
•.71
.86
.61
.64
0.0V
.97
1.09
1.08
.92
1.06
1.03
.98
CYCLE 3 CYCLE 4
1.0V 0.0V 1.0V 0.0V
.91
.99
.96
.90
.95
.98
.83
1.00
1.09
.87
.95
.90
1.01
1.09 .91
.96 .86
1.05 .87
1.04
.91
.91
.87 .91
Shorted
.99
.79
.94
.83
.74
.83
.69
.86
.67
.59
.89
.77
.93
.84
.73
• .65
.80
.63
.53
.91
.70
.82
.72
.65
TABLE X
FORMATION CAPACITIES OF CELLS WITH POSITIVES CONTAINING
20 METAL ATOM % BERYLLIUM
CELL
NO.
I
2
3
4
5
6
7
8
9
I0
TOTAL WT.
GAIN
( ms)
2.98
3 .ii
2.99
3.O9
3.04
3.06
3.00
2.94
3.07
2.95
WEIGHT
Ni(OH) 2
(gms)
2.72
2.84
2.73
2.82
2.78
- 2.80
2.74
2.69
2.81
2.70
DISCHARGED AT I00 ma -"
EXPER/MENTAL THEORETICAL CAPACIIX BASED
CAPACITY ON WEIGHT Ni(OH)2
i.0 V _ 0.0 V 0.0 V
0.75 All 0.76 AH 0.79 AH
0.75
0.74
0.75
0.75
0.76
0.75
0.75
0.75
0.75
0.75
0.75
0.76
0.78
0.78
0.77
0.76
0.80
0.78
0.82
0.79
0.82
0.80
0.81
0.79
O. 78
0.81
0.78
TABLE Xl
FORMATION CAPACITIES OF POSITIVES CONTAINING
20 METAL ATOM 70MAGNESIUM
CELL
NO.
i
2
3
4
5
6
7
8
9
i0
TOTAL WT.
GAIN
3.05
3.06
3.00
3.06
3.06
3.02
3 .i0
3.01
3.01
2.99
WEIGHT
Ni(OH) 2
(gm )
2.67
2.67
2.62
2.67
2.67
2.64
2.71
2.63
2.63
2.63
tDISCHARGED AT I00 ma
EXPERIMENTAL THEORETICAL CAPACITY BASED I
CAPACITY
1.0 v o.o v
0.67 AH 0.68 AB
0.66
0.65
0.68
0.68
0.67
0.67
0.66
0.66
0.68
0.67
0.66
0.70
0.71
0.68
0.69
0.69
0.67
0.70
%
ON WEIGHT Ni(OH)2
0.0 V
0'77 AH
0.77
0.76
0.77
0.77
0.76
0.79
0.76
0.76
0.76
J
i
_AB_ XI_
FORMATION CAPACITIES OF CELLS WITH POSITIVES CONTAINING
20 METAL ATOM PERCENT LITHIUM
CEnn _O_L wT. WEIGHT
NO. GAIN Ni(OH) 2
,_ (_) C_s)
I 3.07 2.91
2 2.96 2.81
3 3.04 2.88
4 3.05 2.89
5 3.06 2.90
6 2.97 2.82
7 2.97 2.82
8 2.99 2.83
9 2.97 2.82
I0 2.98 2.83
.... DISCHARGED AT I00 ma
i EXPERn_E_T _EORE_ICALC_ACITY BASED
CAPACITY ON WEIGHT Ni(OH)2
1.ov I o.oy .... o.o X .
I
0.95 AH
0.91
0.93
0.90
0.93
0.92
0.90
0.91
0.93
0.90
0.95 AH
0.91
0.94
0.91
0.94
0,93
0.91
0.92
0.93
0.92
0.84 AH
0.81
0.83
0.84
0.84
0.82
0.82
0.82
0.82
0.82
TABLEXlll
FORMATION CAPACITIES OF CELLS WITH POSITIVES CONTAINING
20 METAL ATOM PERCENT SODIUM
_ELL
NO.
I
2
3
4
5
6
7
8
9
I0
TOTAL WT. !
GAIN
(ms)
3.03
3.10
2.99
3.12
3.03
2.99
3.00
2.96
3.05
2.95
WEIGHT
Ni(O_) 2
(_m,.s).,
2.77
2.83
2.73
2.85
2.77
2.73-
2.74
2.71
2.79
2.70
DISCHARGED AT I00 ma
EXPERIMENTAL THEORETICAL CAPACITY BASED
CAPACI ONWEZGHT i(oH)2
l.O,V ., o.ov,
0.94 All 0.96 All
0.91 0.92
0.89 0.92
0.92 0.93
0.87 0.87
0.94 0.95
0.89 0.92
0.95 0.96
0.93 0.94
0.89 0.91
0.0 V
0.80AH
0.82
0.79
0.82
0.80
0.79
0.79
0.78
0.80
0.78
J
TABLE XIV
FORMATION CAPACITIES OF CELLS WITH POSITIVES CONTAINING
20 METAL PERCENT MANGANESE
CELL
NO.
1
2
3
4
5
6
7
8
9
i0
TOTAL WTo
GAIN
(_ms)
3.20
3.09
3.13
3.07
3.04
3.27
3.08
3.17
3.11
3.07
WEIGHT
Ni(OH) 2
(Sins)
2.58
2.50
2.53
2.48
2.47
2.64
2.49
2.57
2.51
2.48
DISCHARGED AT I00 ma
EXPERIMENTAL
CAPACITY
1.0 V
0.82 AH
0.81
0.82
0.81
0.78
0.85
0.81
0.84 -
0.81
0.80
0.0 V
0.88 AH
0.87
0.88
0.87
THEORETICAL CAPACITY BASED
ON WEIGHT Ni(OH)2
O.OV
0.75 AH
0.72
0.73
0,72
0.85
0.88
0.86
0.87
0.86
0.85
• 0.71
0.76
0.72
0.74
0.73
0.72
TABLE XV
_OEMATION CAPACITIES OF CELLS WITH POSITIVES CONTAINING
20 MET/iL ATOM PERCENT COBALT
.CELL
NO,
1
2
3
4
5
6
7
8
9
IO
TOTAL WT.
GAIN
3.13
3.09
2.95
2.90
2,96
3.17
3.15
2.88
2.95
3.13
WEIGHT
Ni(OH) 2(_s)
2.50
2.47
2.36
2.32
2.37
2.54
2.52
2.30
2.36
2.50
EXPERIMENTAL
CAPACITY
1.0 V
0.91 AH
0.90
0.87
0.85
0.86
0.92
0.92
0.83
0.87
0.92
0.0 V
0.92 AH
0.90
0.87
0.85
0.86
0.93
0.93
0.84
0.87
0.93
...._Ed'_'_IC_LCAPACZn _SED
ON WEIGHT Ni(OH)2 '
0.72 AH
0.71
0.68
0.67
0.73
0,73
0.66
0.68
0.72
0.0 V ......
TABLE XVI
FORMATION CAPACITIES OF CELLS WITH POSITIVES CONTAINING
20METAL ATOM PERCENT BARIUM
CELL
NO.
i
2
3
4
5
6
7
8
9
10
TOTAL WT.
GAIN
(_s)
2.87
2.87
2.92
2.90
2.96
3.02
2.99
2.98
3.07
3.14
J
WEIGHT
Ni(OH) 2
(gins)
1.81
1.81
1.84
1.83
1.86
1.90
1.88
1.88
1.93
1.98
DISCHARGED AT I00 ma
EXPER]R_ENTAL THEORETICAL CAPACITY BASED
CAPACITY
1.ov .. o.ov
0.90All 0.91 All
0.94 0.94
0.92 0.93
0.92 0.92
0.89 0.90
0.96 0.97
0.92 0.92
0.93 0.94
0.92 0.93
0.93 0.94
o_ WEI_T m(oH)2
L ,
0.52 A
0.52
0.53
0.53
0.54
0.55
0.54
0.54
0.55
0.57
TABLE XVII
FORMATION CAPACITIES - CONTROL CELLS
CELL
NO.
1
2
3
4
5
6
7
8
9
I0
WEIGHT
Ni(o )o
(gms)
2.98
3.00
3.15
3.06
3.04
3.03
3.12
3.01
3.00
2.97
.,DI$C}LA_GEDAT I00 ma .......
EXPERIMENTAL CAPACITY ....THEO_TICAL CAPACITY BASED
1.0 V
0.92 AH
0.92
0.93
0.90
0.92
0.93
0.93
0.94
0.93
0.89
0.0 V
0.93 AH
0.93
0.94
0.91
0.93
0.93
0.93
0.94
0.94
0.90
J
0.0 V
0.86 AI{
0.87
0.91
o.88
0'88
0.88
0.90
0.87
0.87
0.86
TABLE XVIII
CYCLING DATA FOR CELLS WITH POSITIVES CONTAINING
20 ATOM % METAL AND CONTROL CELLS
DISCHARGED AT 200 ma .....
CYCLE I CYCLE IIXll CYCLE iII CYCLE YVCELL
NO. 1.0V 0.0
0.79
0.81
0.78
0.81
0.72
0.68
0.70
0.71
0.94
0.93
0.93
0.90
0.94
0.88
0.89
0.93
0.89
0.90
0.90
0.88
0.85
0.89
0.88
0.82
0.74
0.78
0.78
0.76
Cont- ii] 0.94
Cont-12 i0.90
Cont-13 !0.92
Cont-14 0.90
v  1.ov o.o
0.85
0.84
0.83
0.85
0.74
0.72
0.72
0.72
0.96
0.94
0.95
0.92
0.97
0.95
0.96
0.97
0.98
0.97
0.99
0.96
0.88
0.91
0.91
0.84
0.76
0.81
0.79
0.78
1.07
1.01
1.01
0.97
AH 0.82 AB
0.84
0.79
0.82
0.68
0.65
0.65
Short
0.97
0.97
0.96
0.93
0.93
0.86
0.86
0.88
0.97
0.90
0.90
0.88
0.87
0.92
0.91
0.85
0.78
0.80
0.80
0.79
0.92
0.90
0.92
0.86
V
•0.85 AI-I 0.81
0.88 0.82
0.83 0.78
0.84 0.82
0.71 0.64
0.69 0.61
0.68 0.61
Short 0.67
0.98 0.96
0.97 0.94
0.97 0.94
0.97 0.92
1.06 0.91
0.95 0.86
0.96 0.86
1.01 0.84
0.98 0.89
0.96 0.87
0.97 0.87
0.95 0.87
0.89 0.91
0.95 0.97
0.93 0.95
0.87 0.91
0.80 0.79
0.82 0.82
0.81 0.82
0.80 0.81
1.06 0.92
1.00 0.88
1.01 0.91
0.95 0.84
1.0V 0.0
All 0.86
0.85
0.82
0.85
0.67
0.68
0.65
0.69
1.00
0.99
0.94
0.97
1.04
0.97
0.98
0.96
0.97
0.95
0.96
0.94
0.94
0.99
0.99
0.94
0.81
0.84
0.83
0.83
1.06
1.03
1.03
0.92
V
AH
I.ov
0.81 AH
0.82
0.78
0.82
0.59
0.58
0.58
0.59
0.99
0.97
0.97
0.96
0.96
0.88
0.89
0.87
0.87
0.85
0.85
0.84
0.91
<).96
:,0.94
ti 0.91
0.77
0.80
I 0.80
0.78
0.94
0.92
0.94
0.86
0.0 V
0.87 AH
0.85
0.82
0.86
0.62
0.63
0.59
0.62
1.03
1.01
i.01
1.00
1.02
0.99
1.00
0.98
0.94
0.93
0.93
0.92
0.94
0.98
0.97
0.92
0.80
0.82
0.82
0.80
1.04
1.02
i.02
0.93
TABLE XIX
CAPACITIES O_ CELLS WITH POSITIVES CONTAINING 20 ATOM % METAL
ADDITIVES AND CONTROL CELLS AT VARIOUS TEMPERATURES
_ELL
NUMBER
Li-5
Li-6
Li-7
Li-8
Li-9
Li-10
Na-5
Na-6
Na -7
Na-8
Na-9
Na-10
Mn-5
Mn-6
Mn-7
Mn-8
Mn-9
Mn-10
0.83 All
0.79
0.75
0.77
0.79
0.77
0.89
0.88
0.86
0.89
0.90
0.90
1.13
1.14
1.04
1.13
1.19
1.12
0.97
0.96
1.01
0.85
1.00
0.93
0.88
0.97
0.93
0.95
0.94
0.94
0.87
0.84
0.84
0.80
0.84
0.86
DIS.CHARGED AT 200ma
3 DAYS 25°C
Y.o v o.ov
0,77AH
0.72
0.73
0.72
0.74
0.77
0.93 0.73
0.93 0.72
0.88 0.69
0.93 0.72
0.95 0.73
0.95 0.77
1.19 1.03
1.21 1.06
1._7 0.94
1.17 1.05
1.24 1.00
1.17 1.05
0.99 0.81
0.99 1.00
1.03 0.94
0.96 1.01
1.04 0.83
0.97 0.87
0.98 0.82
1.05 0.93
1.03 0.88
1.03 0.89
1.03 0.89
1.02 0.88
0.80 AII
0.75
0.74
0.73
0.77
0.78
0.75
0.73
0.69
0.73
0.75
0.78
1.03
1.07
0.94
1.05
1.00
1.06
0.82
1.00
0.94
1.01
0.83
0.88
0.93
0.98
0.96
0.95
0.97
0.92
3 DAYS 65°C
1.ov I
0.55 AN
0.55
0.56
0.59
0.58
0.59
0.65
0.57
0.53
0.56
0.61
0.60
0.75
0.66
0.69
0.66
0.90
0.81
0.48
0.74
0.66
0.85
0.77
0.74
0.95
0.86
0.82
0.85
0.85
0.73
0.0 V
0.56 AH
0.56
0.57
0.59
0.58
0.59
0.65
0.57
0.53
0.56
0.63
0.62
0.83
0.85
0.86
0.89
0.95
0.86
0.52
0.77
0.73
0.90
0.80
0.77
0.95
0.87
0.85
0.85
0.85
0.75
7 D;/YS 65°C
1.0 V 0,0
0.27 AII 0.28 AB
0.28 0.29
0.27 0.28
0.27 0.28
0.33 0.34
0.54 0.72
0.71 0.80
0.70 0.78
0.76 0.76
0.79 0.82
0.47 0.48
..... Continued
TABLE XIX - Continued
CELL
Co-i
Co-2
Co-3
Co-4
Ba-5
Ba-6
Ba-7
Ba-8
Ba-9
Ba-10
1.0 v o.o v
I.15AH 1.25AH
1.16 1.28
0.98 1.07
1.00 1.07
0.71 0.72
0.83 0.84
0.67 0.68
0.79 0.81
0.64 0.66
0.55 0.58
Control-15
Control-16
Control-17
Control-18
Control-19
Control-20
1.09
i.II
1.06
1.08
I.II
1.05
DISCHARGED AT 200ma
NO STAND.I[ ....3 DAYS 25UC 3 DAYS
1.oy o.ov 1.ov
1.09
I.II
1.06
1.08
I.II
1.06
0.67
0.72
0.61
0.72
0.62
0.47
i.03
1.06
1.00
1.06
1.06
1.02
mmm
0.68
0.73
0.65
0.73
0.63
0.47
1.03
1.06
1.01
1.06
1.07
1.03
1.02(I day)
1.04 "
0.93 "
0.95 "
0.64
0.68
0.50
0.56
0.43
0.38
Ii
0.75
0.78
0.72
io.93
0.90
0.88
65oc
0.0 y
1.03
1.08
0.94
0.97
0.66
0.70
0.53
0.60
0.47
0.42
0.80
0.85
0.81
0,97
0.94
0.92
I l.OV
(I day) 0.88AH
" 0.92
" 0.72
" 0.72
I
0.52
0.63
0.58
0.80
0.45
0.80
7 DAYS _65°C''
0.o v
0.92AB
0.94
0.77
0.81
o.57
0.70
0.7o
iO.85
i0.45
0.89
TABLE XX
FORMATION CAPACITIES OF CELLS WITH PLATES CONTAINING
5 METAL ATOM Z MANGANESE
CELL TOTAL WT. WEIGHT
NO. GAIN Ni (OH) 2
(_s) (_s)
11 3.17 3.02
12 3.26 3.I0
13 3.23 3.07
14 3.30 3.14
15 3.24 3.08
16 3.11 2.96
17 3.17 3.02
18 3.21 3.06
19 3.27 3.11
20 3.32 3.16
I DISCHAKGED AT I00 ma
EXPER_AL
C_PAcr_y
1.0 V 0.0 V
0.94 AH 0.98 AH
0.90 0.93 li
1.00 1.01 i!
0.98 1.oo i!
d
1.00 1.01
THEOP&_C_LC_ACZ_ BASED
ON WEIGHT Ni(OH)?
0.0 V
0.87 AH
0.90
0.89
0.91
0.89
0.88 0.91
0.91 0.94
0.97 1.01
0.93 1.00
0.91 0.95
0.86
0.87
0.88
0.90
0,91
TABLE XXI
FORMATION CAPACITIES OF CELLS WITH PLATES CONTAINING
5 METAL ATOM PERCENT COBALT
CELL
NO.
21
22
23
24
25
26
27
28
29
30
TOTAL WT.
GAIN
3.23
3.33
3.10
2.97
2.90
3.25
3.36
3.44
3.02
3.17
WEIGHT
Ni(OH) 2
3.07
3.16
2.94
2.82
2.75
3.09
3.19
3.27
2.87
3.01
DISCHARGED AT'I00 ma
"EXPERIMENTAL
CAPACITY
1.0 V
0.99 AH
0.99
0:.94
0.91
0.98
0.91
0.94
0.96
0.93
0.90
THEORETICAL CAPACITY BASED
0.0 V
1.05 AH
1.04
0.99
0.96
1.04
0.0 V
0.89 AH
0.91
0.85
0.82
0.80
0.97
0.99
1.00
0.98
0.95
0.89
0.92
0.95
0.83
0.87
ON WEIGHT Ni(OH)2
Je '
CELL
NO.
21
22"
23
24..
25
26
27
28
29
3O
TABLE XXII
FORMATION CAPACITIES OF CELLS WITH PLATES CONTAINING
I0 METAL ATOM % MANGANESE
TOTAL WT.
GAIN
3.01
3.00
3.03
3.10
3.Ii
3.02
3.12
3.I0
3.01
2.98
WEIGHT
Ni(O_)
(gins)
2.72
2.71
2.74
2.80
2.81
2.73
2.82
2.80
2.72
2.69
DISCHARGED AT I00 ma
EXPERIMENTAL I'HEORETICAL CAPACITY BASED
CAPACITY ON WEIGHT Ni(OH)2
1.0 V 0.0 V 0.0 V
0.85 AH
0.83
0.86
0.83
o.89
0.86
0.92
0,92
0.89
0.92
0.91 AH
0.89
0.92
0.90
0.95
0.92
0.93
0.95
0.95
0.95
i i
0.79 AH
0.78
0.79
0.81
0.81
0.79
0.82
0.81
0.79
0.78
TABLE XXIII
FORMATION CAPACITIES OF CELLS WITH PLATES CONTAINING
10 METAL ATOM PERCENT COBALT
CELL
NO.
31
32
33
34
35
36
37
38
39
40
TOTAL WT.
GAIN
3.18
3.03
3.35
3.21
3.08
3.21
3.11
3.34
3.22
3.23
WEIGHZ
Ni(O_)
( ms)
2.86
2.73
3.01
2.89
2.78
2.89
2.80
3..oi
2.90
2.91
DISCHARGED AT I00 ma
EXPERIME'NTAL I_IEORETICAL CAPACITY BASED
CAPACITY ON WEIGHT Ni(OH)2
1.0 V 0.0 V 0.0 V
,,, , , ....
0.95AH
0.96
0.92
0.96
0.96
0.96
0'96
0.95
0.95
0.96
0.99 AH
1.00
0.95
0.99
1.00
1.00
1.00
0.99
1.00
1.00
0.83 AH
0.79
0.87
0.84
0.80
0.84
0.81
0.87
0.84
0.84
TABLE XXIV
CAPACITIES OF CELLS WITH POSITIVES CONTAINING 5 & I0
METAL ATOM % MANGANESE & COBALT AFTER CYCLING
CELL
NUMBER
Mn-SZ
11
12
13
14
i
Co-5%
21
22
23
24
Mn-IOZ
21
22
23
24
CYCLE I
1.0 V
0.80 AH
0.89
0.99
0.97
0.95
0.94
0.88
0.87
0.81
0.79
0.83
0.74
O.OY
0.89 AH
0.97
1.07
1.04
1.05
1.07 -
0.99
0.97
0.89
0.88
0.95
0.90
DISCm mGED
CYCLE II
Lo v o,o v
0.94 AH 1.03 AH
10.91 0.99
1.01 I.i0
0.98 1.07
, , ,
0.96 1.05
0.94 1.02
0.88 0.94
0.84 0.95
0.83 0.95
0.82 0.94
0.80 0.95
0.79 0.92
AT 200 ma
CYCLE II_
1.0 V 0.0V
0.95 AH 1.05 A11
0.94 1.02
1.02 1.ii
0.99 1.09
1.01 I.I0
0.97 1.06
0.92 1.01
0.88 r0.99
0.87 0.98
0.81 0.94
0.81 0.95
0.78 0.92
CYCLE IV
1.0 V 0.0 V
0.90 AB 1.00 AH
0.90 0.99
0.98 1.07
0.96 1.05
0.97 1.07
0.94 1.04
0.89 0.99
0.84 0.94
0.85 0.97
!0.80 0.94
0.80 0.92
0.75 0.88
continued....
TABLE NXIV
(Continued)
4"
CELL
NUMBER
Co-lO?.
31
32
J
33
34
_CLE I .... c_c_
1.0 V
0.88
0.88
0.83
0.78
0.97
0.95
0.89
0.89
DISC_AKGED AT 200 ma
Ii ......cYcLE
1,0 V
0.94
0.88
0.81
0 °87
.O,O..v...,
0.98
0.96
0.86
0.97
1,0 V
0.97
0.93
0.88
0.91
llI
0,0 V
1.02 0.94
0.99 ii0.90
0.89 0.82
I
•f,o V" 0,0 V
1.00
0.98
0.86
0.96
TABLE XXV
CAPACITIES O_ CELLS WZ_ POSiTiVES COSTA_Z_C 5 & _0
METAL ATOM % MANGfiNESE AND C0_BALT
DISCHARGED AT 200 ma
Cell No. No Stand -,3 Days
.......... !,OV O.OV l. OV
Mn-5%
15
16
17
18
19
2O
Co-5Z
25
26
27
28
29
30
m -1o 
25
26
27
28
29
30
,,,
1.02 All
.61
.58
.89
.77
.70
i
.96
.73
.81
.89
.77
.50
.81
.74
.69
.84
.83
.86
1.05 All
.62
.61
.93
.84
.73
1.02
":82
.84
.96
.84
.60
.81
.81
.72
.89
• .93
.96
/
0.98 A£
.45
.46
•.81
•74
.57
,88
•.59
.71
_82
.68
.52
.68
.58
.46
.73
.78
.s, "
.83
25oc
0,ov
3 pays 6,5,o,C
z._oy ........ o. ov
0.98 All 0.50 AH
.45 .38
.48 Shot t
.89 .44
•78 .20
.41 .23
|
0.60 All
.40
Short
.48
.22
.37
.88 .87 .88
.64 .30 .33
.73 .30 .33
.82 .73 .79
.70 .63 .68
.53 .50 i .53
.70 .41
.60 .29
.57 Short
.74 .54
.83 .63 •
.83 .72
.43
.35
Short
.56
.67
.74
continued ......
•TABLE XXV
(Continued)
CELL
N'UMBER 1.0 V
Co-10%
35 0.94
36 0.88
37 0.86
38 0.99
39 0.90
4O 0.89
NO STAND
DISCHARGED AT 200 ma
3 DAYS 25°C 3 DAYS 65VC
O.OV 1.0 V
0.75
0.64
0.63
0.73
0.75
0.78
0.0V
0.78
0.70
0.73
0.83
o.81
0.83
7 DAYS 65°C
1.0 Vo 9, v 1.o v
0.97 0.94
0.88 0.89
0.87 0.88
1.03 Short
0.95 Short
0.93 0.85 _
0.95
0.90
0.89
Short
Short
0.85
1.05
0.81
0.68
0.94
0.73
Short
0.0 V
I.ii
0.95
0.86
1.07
0.83
Short
I-,
E-
oooo "eooo
• • o _ •
oooo
oooo eooo
l I ! l
I I I I
I I I I
IIil Illl
llll Ilti
Ilil IIII
IIII
0000
I l I I
TABLE XXVlI
AVERAGE UTILIzATIoN (%) FOR MANGANESE DOPED, COBALT DOPED
AND CONTROL POSITIVES AT VARIOUS DEPTHS OF DISCHARGE
CELL
/.In
Co
Control
INITIAL
CAPACITY
0.0 V
0.92AH
1.17AH
0.92AH
2_
0.0 V
82
90
96
DEPTH OF DISCHARGE (%)
35 50 75 87
.H
O.OV
82
85
82
0.0 V
87
90
9O
io.ov
8O
85
8O
0.0 V
73
74
69
TABLE XXVIII
X-RAY DIFFRACTION LINES AND _{EIR INTEGRATED INTENSITIES OBTAINED
FROM PLATES STORED AT VARIOUS TEMPERATURES FOR VARIOUS
TIMES
/
FIGURE
NO,
• 15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
STm_O'"sTOP,ZD
T_dE AS
24 Hrs. Plate
48 Hrs. Plate
3 Me. Plate
24 Hrs. Cell
48 Hrs. Cell
3 Mo. Cell
24 Hrs. Plate
48 Hrs. Plate
3 Mo. Plate
24 Hrs. Cell
48 Hrs. Cell
24 Hrs. Plate
48 Hrs. Plate
3 Mo. Plate
24 Hrs. Cell
48 Hrs. Cell
3 Mo. Cell
TEMPERATURE
10°C
lO°C
lO°C
10°C
10°C
lO°C
25°C
25°C
25°C
25Oc
25Oc
50°C
50°C
50Oc
50°C
50°c
500C
x'RAY"D".SPACn_GS'sn_zENSzT_'s
I
Amorphous!
4.67(16)
4.77(8)
4.60(25)
4.72(13)
4.62(10)
4.72(10)
4.67(12)
4.55(5)
4.60(6)
4.67(19)
4.55(7)
4.60(3)
4.72(14)
4.55(6)
4.60(15)
Amorphous
2.71(4)
2.69(7)
2.70(15)
2.7i(3)
2.68(3)
2.71(4)
2.73(12)
2.75(20)
2.69(5)
2.73(6)
2.71(19)
2.71(I0)
i , ,, J • ,,
Amorphous
i
2.34(12)
i
I
2.32(8)
2.32(19) {
2.34(17) i
12.34(7)
2.32(10)
2.37(13)
2.32(11)
2.34(19)
2.34(12)
i
J2.34(7)
2.32(6)
2.32(18)
[-_E-
_1_
o_
E-_
I-I _--]
+
o'1
•_ °_
_Z
0_0.
I,.-t t--t
_N
II
e_O _
o9 r._
l-I i-t
I-II-1
t_ U
I--1
l--i 1-_
E-I _
_C2)
o o o _
e,_ _ 0 .,1"
0 o_ oh _.o o"1
I-4 i-4
_ .-.1" 0 ,..1"
_ cxl p-i _j
o o 0 o 0
i._ 0 0 o 0
o_
o_
00
o'1
o
0
CXl
_=.
•..4 0
¢xl
TABLE XXX
INTEGRATED INTENSITIES OF X-RAY REFLECTIONS Vs. STATE OF CHARGE
STATE OF CHARGE
%
0
75
9O
i00
133
200
I/I o
001
I00 19
I00 25
I00 27
I00 II
i00 0
I00 0
I/I o
I00
I/I
o
101-002
78
70
73 _
34
0
0
I/I o
002
___
15B
60B
I/Io
003-7-NiOOH
24B
_-NiOOH
STATE OF CHARGE
%
55O
I/I o
100I-Ni(OH) 2
4
I/I o
003
i00
I/l o
006
36
I/I o
101-102
31B
i/i
o
104-105
liB
B = Broad
TABLE XXXI
IMMEDIATE DISCHARGE CAPACITIES OF CELLS WITH POSITIVES
CONTAINING i0 METAL ATOM PERCENT COBALT SUBSEQUENT TO
DISCHARGE AFTER 3 DAY 65 u STAND
CELL
NUMBER
25
26
27
28
29
30
DISCHARGED AT 200 ma
CAPACITY
17ov o.ov
1.19 AH
1.00
0.92
I.08
1.00
0.86
1.32 AH
1.14
1.17
1.29
1.21
1.12
i-I
II "4_-,_,_ -Id_ i,.Id i i'il,', '_I U N J ! 'IIII ',lllllll]Ji iiiiiiii;
IN lillJllll !
JIR-_, Ir[ll'+L I J I ] I I III "T I I I ] _ T j [ j"'j"l i E I I E V
, .+J ] "i',',..J'_ IIIII ................. IIIII
I,E IPl_lrb, J_,L+r..ru_[lll_l lliJJml llll . IIJll , iii_iii ''''ll--ll+lll_if'_'llllllll 1
j ' ," ,r-_T_ ; ,",lJl',',',',',,"', " ' ',." ...........
5,_ t:- i,+'l II f",,J lZi_.L III! IILII I[ILI I qlllllrlglltqlhPlll(
'" I I ] ] I lirTP'l'i'l|l I _ ._ .+ ,-j il!,,, ]llJI llltJllllllll I Jlllllll
] i i_l FI i ( i. ij_+l i i i IIIllllll IIIIIIiii I,"
_L Llll" _ I I I I ' III111
................... .,,,,,...... !_,,_ _- r
i i i i ill i iI i i i i + i i ' +i r i i i i i+,i. ri-i+i i ; i I I l- I = I'L!!!!!!!!!I _+_r'+ll IIIIIIII
,
"_ ll;:]]]lllil!' - '. !_lllltlllil;il;
! ! _-,_ r,,_r - I]- -] i i
_ ."+.._t__,+.+.._: !_' ...... _i.,'ili:lililll
_- r
-- ,-_ -
_l _-_,,,_!,,, li ,_i_P.f_t_+* _+---L4D-tllZlLlii ,_III'_IIII111t1111
I/IlL mHIII llll!llllllI7llllllllllltilllllllllll
+; '-+,,--=.,...
+_UJJJi!!ti!!., . ,+, ' +'N 't ++11 ....... il
i , , i I II]iJllJ+ ,'Jlllil
I I I ] I I_11 E I iiiii:'ll , , r I _ i I ! P ! I I I I I I L I I I I Ill I I I I
" " " 4- "
iilII_TI_ i+
-+'__ I l +h-,t_i-, i.--++_ +___ i i t l i t t t I i
J!'++''''rltll'lillllll'l'll',!' _' .... J ',!i_i,,,,,,,,,,+,,,t,,,,,,,,,,,,llll
_l_l_l_.__! ,_u___ LL]_+._.Trr_j]]-F_L.+ui....LLI ] I i I I I I i I I I I I I I I '_i I I I I I i I I I I I I ',I I I I
---i-4-1--i-f-l-t-_ + f÷ i-_dd- '. : bL4d4¢ddd-- ddd, dd-4 i T'!_-_._ _ l l+ _+_ l l,
.... ; . ; : 'IL_ r Ill I LI I ' t ,_lll II]] I] Illl I r Jill ii ji iHff+--I ' ' -- " I_'_ '_-/M+ i _b'-LUL+ 41 _ .L-L_I] ............ I ............... Illlllllll
--[ " _-E d - _'
--+Lh-J. + ' $#L__h:+h'H j4@li+frr-U-f - "i ....
-- _ _b ' $ . I I i I I + I [ I[I I I i i iJ i i i ! i i i r i i r
_ii+__=b_ _L_-_ ....... ! ............................
• _li_l_llp r_J_ _ I // I I/ i _,11111!11
_il' ::l '_', _,I',,I i - _,r r_, _,
llllill+i, ril .l_ lllllLh_illl'lrl+lltl ' Illll-_ _1111 il :- i _ --' :'''
' L , I I b++ I l i i II _ I I I l I r I i!1 i i I i i i e ill i!-L ' ' +L_4-i++-_+ __1 i L LL_+ , I- i .c;_llq411 i t I I I I t ll_ll +1, _1_
!t u ; i i ', i',l , ,_Ifll_llll!// 'llil/ill NII I I ; I _ : , ! ! I I ! I IIIII I IIIilllillllll [111
!
. .+dd4d4___ZIZ_+_,P+TT+_!--T_]3_IT-]_+ Lilll_llll Illliilllillllrilllllill
_',ll++l', ', i,,ll I.+IIT._I_! _+ --_+'_ ' +'*"=--''_'_,,_,,,+++,,,,_,,,+,,,,+,+,,
' Illltl_lll]llll]- iHft-FIT]cr.Lm:-_!_ u4-.............. I ............
+i liii+J,,,i Illllllr+L +_,_][INPIII_I i ll-f-t-P4Pl',i'++ N _ lJl!tl++t+!!!!"i+lii''_rJ
' ,',",l',ll',',ll',llllll"F|_hJili id_ +,,' ......... _illlli',ll',llll',l',',l
__:_ -" Tlil] rII]llllll',llllll'lllll:llll
_'llllJllllll Illllllllllll
II!lllLIIIIIIIIII Ill[ II'l'-I I I ] I I ! I I I { I I I I I I I I I I I i i i i i i i i
ILIIIILLI[IIIIIII LIIlll Jill I I lll,.l I I I I I ilIIIILIIIIIlilIIII
- I I I ' 'iJ_ L_ _ ! '_-- -".. : I illtlllllllllllilll
I _IIIIIT -- iii tiill!fl I j _llillliilll+ll]lllllllllllll++,+,,,,,......... , '<"+ ! + ' i '"' !l!
.... "'
,-- I I I I I I I I I I I I I I I I I I I
illiml i i i i i i ll_ll i i i iJ I i fill i i i i i i
] ] lit. ..... i ............ aip'l .... i ]II II I
TI I I I I!tll II!LI I I t Illl I [ I I I ! _ ] I I1 llIII I I I I Illllll
" ' -- III1,,'i'+'_......._+IiiI': _ ...,+--",_,,,-_,+II "'"+""''....... .. i"i'""'".... i:.......'"''".. . il -
IIII I IIIIII IIIII! + _ ,ll_,ii li+l,iil, iii L, tiIIII J+"ll'"'''''''"
i li+U I]1[11 Ill _- -,JI IIIEII iiii IIIllliil III
_I ...... [ ,,, i '"Illlll Illl IIIIllltl
+,_,_ +,,.........,,,,,,i l,,,,'''i,,,,,,,,,l:'''''''l
1
i
'i
"''_L
I
___J
---- _6g
I
I
I
I
I
I
1
I
1
]
-q

!_llll
!!!!!!
lll[_l
If:Ill
!!!!!!
II1!!!
I!!!!!
I1[111
!!i1_!
II1![!
!!!!!!
I I _1 bl
liiiii
LII:I:
T_t
ii1_11
lillH
III1[I
:_!ii
11!
!l'iii
_._
+-+----4_
,[ ! :_.J"
.... i*
ii_::
!!!!i!
]li[ii
!=!!!i
iliiii
!!!!]_
iiiill
:::l::
iiiiii
;1111!
_[IIII
;:::::
iiJJii
iiiiii
t!!!!!
iiiiii
:11111
:lllll
;11[11
LIILII
III
::::::
iiiiii
m
m
I
I
m
m
m
i
I
l
_______
i
i
I
I
I
i
i
1
I
I
I
i
1
!
1
I
I
I
i
-------t
i
|IL
- ,4
i;
=-
_Ii_
ii i
-,.j
li
F--
F--
_b_-
_+-_
.4
l " l
.J_
.i
_F
<t
!i
.]_
mi-.
_. _2_
_J
i
!
i
i
i
i
I
I
i
i
----i
t
i
i
i
i
i
I
I
I
i
f
i
I
i
I
I
!
i
i
i
i
I
i
!
I
i
I
i
i
i
i
i
I
I
i
i
--------t
I
, i
i
i
i
1
i
---I _ _.,"
I
_4k_
I
i1! Ii
' 'r:
I:
H_- l i
_ ru:-' Ji
i 1
_- I;
_,- T I
_2 t _j
li:! !!
_i i i:
_T _
''
i2 :i
!:
_2 z
±:± '_
;11 ,
_4- 4'
+44 ;:
u
m
m
_m
i
" I
|
!
I
!
i
!
L|
• _ _
! -
r_
:-- T i_ -_-
L
Z _iZ
T.T;
i k ;i
I Ill:r
+ _444_
i i i t _1
)l
i,
I!
2 _
:i
;ii
, i
,j
12_
i)
i r
m
m
t


iJ,,,r,_,J
_fi---
_i_-_V _]
:ii
;:Jiill;I _
.... iiq!!i!i!i ii!ii!i i!i!iii_ :::_: ..............
! : _!iiiiiiii!_:::::::::::::! i_iiii_: :::_::::::iii!ii!i!ii!i!iEi_iii! '.
-Z---L. IIZIZZI ZZZZZZZ .'ZiZZZZiZZ iZ_
::
i!i::'r!iii!i-ii--_ii!ii_iiiiiiii-i....... '"'"" ........"........'""
: :=::::::::: :,
: ':.I:-- -. --H-.... .....
_,, _ _ ,,.r,m-m.... ............. --
-_ :=:: ::E--- _ -_---
_il !1 , /_---i 111''!" i]iii. '_-.llllllllilr'l
fILl I J_l_ IIII Jl f :lili ilil I _ _t
_ I I_ -J--I_ I I II IIII I ' I _"ld • --
; :l_il ' _ ,,,,,,,_,,,,_llllill]lllll _1_
III]1 II I ' ' II I I I I I ! I I'_k.t I I I I I I ] I I I,.
!lll'_',_l!llllll!,_!!l Pl I'.'_ I ' I' _ IIIIIIIIli_illllllf r_lilllllltl.ll_lllllllll.i-
• _- ,-H4-H ! '
-!-H-'bl:, ,,__, , _ III ,,i, ....... I -
_- I [11 l[lllllllfllll _ .
II- _' L_J_LI_LL_' IllITIIIll Fit_I i Ij _ , ,ililili
--T I .-+ _-- _ , IIIIJIIII ,,,[ I I I ] I I I F t I,iR IIIIII ,+,-___.,.__ _____ _: .... , ...... ,,, _,,, .......... _
-M-!-F',-t-I-! ,-Ft-H-_-F+-Ft-I-F+ -41 ' I I I lliflllliill!lilll I TdT" LL-_"IIIIIilIIIII
_-1-_ _-,44-1 H-H-9_-t-i-I-F-H--4-- _ _ I I I I I I I I I ] I F _ _ _ L
-+-t+',-LL,_LLLLL,J_LIj, : 1 I ..... ,l:[,l,ll ......... IF:Ill .....
4l 1-1 "i-_-_ I_ I I I I I I I I.,t"f I I I I I I I I I I I
_-t-i-_ .'_:,i-,t!-,,.H_ -I- !_ 1 I I I I,Illl l lill!lll ............... ,,, L
_11_1,¢1111,1 I I I I[[1:1_ Ir I 'll,,JIll::_ I_ ll',i', ',I I II , , ...... _ -,.
: , , i IllllltPIII]]llllll!1,_-r._-t-+n+_m, .......
_-_i ,, ,_ I, ,,,11 I
...... I]111111 II/ll][ll, .,_.
I ;I .;! ; IIIIIII!11 I Iil[]lil]lllll44!H,,fffi!-,fib ,,,, ........ _ -.
1 ' i IIIIlllllllllll:lllllllllll_lllll=lll IIIltll - ;
-,., ,,Lr,,_ Illllllllllrllll:lll lil
i I I Illl i ii
IIIIIlllllriililllilllll _ -,
I [rlFI I IIIIiiililr Ilirlli]lll r i_.ifl _1:111111
i-i+H-I ',i ',I I ', I i ;:
H-t-II', I I I I', I ',I ! ,,,,i,,, ............... -
/11-]!11 -'-'' ''_ II
I__ Illllilllll!l , Illlllllli]
I IIII Illllll I
' i _ [111111111
[ i 'l!llFIllllll i ! I IIIIlilll
:ilia!ill [ IIIIIlilllllll
+____ _: , _
-,',,',l,lli ...... ' ...... -_ ,
i I _-_-_I_; i IJlllJlll I ill'l I:111 IIllllllllrll
- - 1-_i-_- I II I(I i illlllltllilll
..... -I- -'-'--'-'-'-_ -'-'- -' .... '-'4 -' ' ' ........
_ I ' lllJ;_l'l:,l :ll]l;_',ll'"_lllllll]$ "
__ _1_--_I--I--L '_'4___I1!',:1 ....... rr ', illllllli IlrllIIliiiI,._iil', liiiiiiiiT
i 'J I ]l IlIl ,11111[11!]11111',11 IJiillllllliltlll/
-_-L,.- i I!, II A4-4 ] ]lJillllll IIIIlltllllllr_r.Jll
..............
- - ' '' ' _i-L __ __'_ L !!T] ]:!1 !]llllilll]ltt J ] I I I I i : I T _ I J kq_--_-ti i
- -_ _ _ _'_ ' i 'ill ! I i ill I i I i I i t ri I I I I I I I'l I-I _ Illllllli '
9+,t-+,-f,4--+,¢f-,-,-,-_ I I I I I I I [ I I 117 ....... -
.__i,_._:_ __+_ _r,,,,, , ,,,,,,,,,,,-_,,,,,,,,,,,

r.:
w--I
r.r-1
I--I
_z
o=
i
b
:)
)
:b
,,,,, , i-i_ri_i
"_ I _" ' !1=,
fllll l!
H ,RR,,,_,,,
IJ I Ii
|11 i,_ I I i
!! I!
H+-HH_I-
,,vd-,_ ,,
i;
III _"I]
III Ill iJ
II ! r,!l_
i i i __"lllll
II ' ....I _ i[J
III il I LI_t
III ..... 'IIl_ '!
III ,n"_¥'_ ;i
Ill [ ]U I_111
IIII,_-,II1
IIIII'I
Illllll
1111I",,
IIIIII IIIIll
IIIIi,I
Iflllll
Illllll
IIIII,I
_-t-H+I ,
I1111 I
'till I ITIIII,I,, '?
IIIII 1
III" 1,m
III .....II I il
,,"III I _i
IIIII I ii
Illll I
I1
,,III I
Ill I
iiii_ ',
I1
,,"Iii II
|1
,,III 1
II II,,III
IIIII I
" iiJ,lll I
lille I I
"III ....II II I:
" II,,III II
III ]1
,,,ll ii
- IIIII I} ,
j J_ _" •I_:I--L-_ ±.........._-
H-HHH-H-H-H
,I
Ii
F_-H-+H "
HH+-_, i,
IIII1 I
IIIII I
II I
,,Ii_ i
I!lli _i I !
IIIll il
I ,I i
" i ;I
lil I i I
i :1ililil :_ i
" _I '
I
ii''llllll
I
i
I:
i;
i i
l i
!i
i l
:i
!i,
I:
!:
l i
J l
:1
......... ii
l i
l i
I I
I I
I I
I i ;I
I
i I
II
[:
L
_, J L_ m I
;! Ii
_ -kill
I"
l i
i i
I I
I ¸ I
I i
I I:
i
i
j il
'1
I
i II
ii
Ill
IJ
I
i
I
I
i
I
I
I
I
I
I
I
I
I
I
i
I
I
I
1
I
!
I
I
I
, I1_
I
i
I
I
I
1
I
I
I
1
I
i
1
I
I
I
I
I
I
, 1
I
I
1
i I
I
I
I
: I
I
I
T
1
1
I
1
I
I
I
t
I
I
1
I
I
I
I
1
i l


_S _,: i ill', I I i
-,-i_-,I! , _ ',',l',',',',l',',',',lifillJJ_ ._i. -_ -,
' _Zq-f,-!-_--_-_-l-i i i i j i i i i i i i i i i i I I j I Ii I, p ; _ ',I", ',M,,,_d-iff"i',I I I I I I I IiIiI I ,
..... -
_ _ '-.- ,,I i-! IIIII IIIII III
_',.i ::l !illi llJrlj]lliljljjil,,,,,! l,,,,rr,,,,n.--,,, -,
ti , ii I tlllll_lr ........ , ....
_ ,,TiiiiiiT --
N ill
iiii :iii'  _:iiiiiiiiiii
!iii::{!i! :::i{_7:::i:::!2ii
i -Si!!!!!!F__?::-' _ -::__- :
I ....... i /liilJlli , ,,,,, i', ill Ill',', ilil',il _i
IIIIIIII i illlll[I II]lllll[lllllll
.... !!!, ..... , ........ IJlll ..... ,,lllJ ........ ,_,,,,,,I _-
::i_iiiiii ii ii iiiiiii-iTi
:::::::::: :: :: :::::::----
_ :::: ::::: : ::_:--:::::.!!
iiz]_iiiiii_l-i i- ii ZZiZ_-ZZ
::::_:!iiiirii ii ii 7ii-iii
-_ _-iiii: _-i Zi Z--I"iiZZ-ii _ .
I [iiiIi ii i]_Z ..... I"
IIIJlll I I III I I I I I I I I I I I I I I I I I I I I [ i i i ileal,. IIIIIIIIllll _1ili,_ll ', _iii',........................ ,iiiii -'
i_ _iiiiiiilll ;
i III I IIiiiil[llll_r'_l i i i i r i i i
IlIIlilll IIII ...... II .........
III I 1 Ill I I I I I I I I I I I I I I I I I I I I I I I I I tI'tll_l I I I I IIIIII J
II LIItll" IllllllllJl IIIIIII IIIIIIIIIIIIll i III .... -
II ]LIIIII I _'_ I I IIIIII I-
|. ,,..IIIIIIII IIIIIIIIIIIIIIIIII _ _11 IIIIIII I4-/ ,, ,, , ,,.........., ,,,.....
1-1 , _1 I I I 'IJl,,, ,1, , , , ,,, , I I Ill I Iill ............ , ,Jill ......................................_ -
C',i
I .....
-.-.-._-.-.-.-.-
i iiiiiiii
/ I I-l-
!!!Ifl_iLl lllil_llilll il_lllrlll_iil I _÷__ .... ..... _,,,, .......
Ill tl{llllllll _ illll/llilllll _
IIIIlilllllllLJli_Ll_l'J'llll: lli
I llllllllll _ _I]
Ill II ! IIIIllllltlll IIIIIIIFTlllIliJt,,, ,,,_,],lil .......
I ill i ii 'JL'"" '"" .......
_+ , _ _ I,I ...... ,,,,,_F, _._
_i_ u i Illtll[llrllll]l[[llllllllll
- .. _ ! ' '_!!,_ ,,,,, ...... ill , ........ ,_,llrlllllllllllH ill .... '"" .... ._
.... J_ _ ! I I IIIEI]llllil IIIIFllllll
L! _ _llll[ I -.-
- -_ L Ji iiiii]ii]iiiiii II[11111111 L=III,,F]
-- i i illiil llllllllllllr'_,=L
__ L! I { ;1 ]I III llllllli | JlIIEIIIIIJI[
-- • Illilllili IIIIIIIIIII I1[111111111 ili
--_ .... t_ --_L__IIIIII/II IIIIIIIIIl =mr i I
hi! _1[111111 IIIIIIIIllll/llllli ._..LI_L. -r_LJ-LLH,,,,,,,,, _,,,,llllllll
--++_-:_I_i ',llllllt!!!L!!! !!!!!!![! I'tlllFnilillilli_l "_
::_:_Ix-fi-l_- _fl_'-I-lfi-l-,tll[i i illlllll IIIIIII]II| |i !i!! ! l!l!!lll,[I h,llllllll]tlll
I __._l_l_;-Illllllllll ' IIIl]lllllllltlllll IIIIltll
-_n-_ _' _--'' , ' ' ' ' : .... ,,,,, ......... ,
-- -_ - - ' ' IIIIIIlllll[][lllllll_l
'_._I_I_L_ _-; .... '"_" ....... II , , -"" , ,,
r_i___ i ,,,,,,, ...... i
i I - ' - IIIIIIIIIIIII !
_- LI - -i- I111111 lllrll-,Ir,=Llll12tt)1I _1 I_ I
_ ,_ :±: _ :_ ...................
-i_ -_ ::::-14:YH_ • '
ii_ii_L_iiillLIIILi . i l
_+:!.!_!_!F!!!!_!J_u,_ I ,', l h_ III
I
-i-iZi]iZi I iEiZi Zi_ :i:iEiZi

.,4
¢'_I
I-4
_g
I-4
¢"4
I-I

C,4
r-_
I--i
r_
Z
d
¢"4
• t--I
c:;
I--I
1-4
•- i _ !.....__i_i.!_i_i
i!ii!i t iiiil!i_i -
I
L
........... [ .........
(
,,.J


if)
1=4
p4
MOIA_q_3_ 3D_D % - A_IDVaVD
u_
e-4
f
/.
/
0
_J
0
U
0 0
1-4 o
U u
d d
o o d
0 u_ 0
F.I IM 1_
0 0
_ _ O
0
d
Z
0
0
0 m
t_
0
Q 0
0
S_OA
8 0 0
0
I I I I
g
_J "cJ bO
•,'4 0 •
o.4<3
I
o
_o
_o
s_IOA
0
_H
u
r_o_
H
0
O0
0 r_
V
H
HO
H
I I ,i, I I I
B • • • • o
0,-4 r-4 0,-,4 o
0o<_4
I I I I I I I I I
0 0 0 0 0 0 0
o
rD
U
c/J
r/jo_
E_
r.rj
0
0
r_
r._
H
c_
u'1
H
0
S_qOA
I I I I I
I_ ,.o
t_ 0
oO
I I I I I I I I I !
• • O • • • • • • 0
0 0 0 0 0 0 0 0 0
S_'IOA
0
_0
!
-- 0
r_
-- 0
r_
r_
H
0
_°ro
ro
o_
°_
v
I,-4
_oo
c")
I i I I I I I I I I I I I I ,I
_'• ' el C_l _ 0 0_ cO I_ _D u'_ ,,,I" _'_ _I ,-_ 0
• • . . . . _ ° • ....F.I v-i ,-4 ,-I _ 0 0 0 0 0 0 0 0
e_IOA
0
H
r_
o o
_0 O0
i°0
-._
.d
,/
I
/
/
Q;
r_
0 _
(3O ¢1
_ ,.0
0 =1 0
ro ;_ ro
._... ,....-_+
._._ ---...4
_PJ
v
[...I
0
+
H
0
P.I
O
!
P.t,3
H
m
i+
H
• • • • • • • •
v,,,4 _ v-,4 I-4 r-4
S_OA
dv-I
f 0
II
r_
_r _
.,,I"
,[-,
T m
0
I-I
I-4
0
0
!
I-4
0Oo_
._ o _
S_OA
rm
8_8
I/ Oe<]
,,_)
_D
t_
0
0
0
r.t..]
0
!
H
1-4
• • Q • • • • • • • Q • • • Q
S_IOA
0
0_
/
Oo<l
v-i
• • o • • • • Q • • • I
_g ,-g
_"tOA
0
A 
FIGURE 45. 
B 
A - MANGANESE DOPED POSITIVE SHOWING REMAINS OF 
SEPARATOR 
B - COBALT DOPED POSITIVE SHOWING LOSS OF ACTIVE 
MATERIAL 
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FIGURE 52. BALL AND STICK MODELS 
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